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EXECUTIVE SUMMARY

This report presents the results of a treatability study (TS) performed by Parsons
Engineering Science, Inc. (Parsons ES) at Elmendorf Air Force Base, Alaska tc evaluate the
use of intrinsic remediation (natural attenuation) with long-term monitoring (I.TM) as a
remedial option for dissolved benzene, toluene, ethylbenzene, and xylene (BTEX)
contamination in the shallow saturated zone in the vicinity of Site ST41 (locally known as
Four Million Gallon Hill). For this report, Site 3T41 was studied only in the vicinity of the
BTEX plume emanating from Tank 601. Soil and groundwater contamination is known to
occur at the site, with contamination being present in the dissolved and gaseous phases and as
residual light nonaqueous-phase liquid (LNAPL) within the aquifer matrix. There 1s also
evidence of mobile LNAPL (free product) at this site. This study focused on the impact of
dissolved BTEX on the shallow groundwater system at the site. Site history and the results

of soil and groundwater investigations conducted previously are also summarized in this

report.

An important component of this study was an assessment of the potential for
contamination in groundwater to migrate from Site ST41 to potential receptors. The
Bioplume II model was used to estimate the rate and direction of dissolved BTEX movement
through the shallow saturated zone under the influence of advection, dispersion, sorption. and
biodegradation. Input parameters for the Bioplume II model were obtained from existing
site characterization data, supplemented with data collected by Parsons ES in conjunction
with personnel from the United States Environmental Protection Agency (USEPA) Robert S.
Kerr Environmental Research Laboratory. Extensive site-specific data were used for model
implementation. Model parameters that were not measured at the site or calculated from site

data were estimated using reasonable literature values.

The results of this study suggest that dissolved BTEX contamination present in
groundwater poses no significant risk to human health or the environment in its present, or
predicted future, concentrations and distribution. Whether in conjunction with the interim
remedial action system already in place or not, intrinsic remediation with LTM is a viable
option for remediating dissolved BTEX contamination found in shallow groundwater at this
site. Model results suggest that intrinsic remediation could reduce dissolved BTEX
concentrations below regulatory limits in less than 30 years and possibly in less than

ES-1
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22 years, depending upon the effectiveness of the interim remedial action (IRA) system in
reducing source loading rates. The IRA has been in operation since October 1993, but

portions of the system may be shut down.

On the basis of Air Force Center for Environmental Excellence intrinsic remediation
guidance, it is suggesied that four LTM wells and three point-of-compliance (POC)
monitoring wells be used to monitor the long-term migration and degradation of the
dissolved BTEX plume. Regular sampling and analysis of groundwater from these sampling
points will allow the effectiveness of intrinsic remediation to be monitored and should allow
sufficient time to implement engineering controls to contain the plume if BTEX compounds
are detected in the POC wells. Based on modeled contaminant fate and transport. these wells
should be sampled on an annual basis for at least 15 years. Along with other analyses used to
verify the effectiveness of intrinsic remediation. the groundwater samples should be analyzed
for BTEX compounds by USEPA Method SW8020. If BTEX concentrations in groundwater
from the POC wells exceed the federal regulatory standards of 5 micrograms per liter (ug/L)
for benzene, 1.000 pug/L for toluene, 700 pg/L for ethylbenzene, or 10,000 ug/L for total

xvlenes, additional corrective actions may be required to remediate groundwater at the site.

ES-2
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SECTION 1

INTRODUCTION

This report was prepared by Parsons Engineering Science, Inc. (Parsons ES) [formerly
Engineering-Science, Inc. (ES)] and presents the results of treatability study (TS) conducted
to evaluate the use of intrinsic remediation (natural attenuation) for remediation of fuel-
hydrocarbon-contaminated groundwater at Site ST4], Elmendorf Air Force Base (AFB).
Alaska. Previous investigations determined that fuel hydrocarbons had been released into the
soil and shallow groundwater at the site. The main emphasis of the work described herein
was to evaluate the potential for naturally occurring degradation mechanisms to reduce
dissolved benzene, toluene, ethylbenzene, and xylene (BTEX) concentrations in groundwater

to levels that are protective of human health and the environment.

1.1 SCOPE AND OBJECTIVES

Parsons ES, in conjunction with researchers from the United States Environmental
Protection Agency (USEPA) Robert S. Kerr Environmental Research Laboratory (RSKERL),
was retained by the United States Air Force Center for Environmental Excellence (AFCEE)
to conduct site characterization and groundwater modeling in support of intrinsic remediation

with long-term monitoring (LTM).

The intent of the intrinsic remediation demonstration program sponsored by AFCEE is to
develop a systematic process for scientifically investigating and documenting naturally
occurring subsurface attenuation processes that can be factored into overall site remediation
plans. The objective of the program and this specific Elmendorf AFB study is to provide
solid evidence of intrinsic remediation of dissolved fuel hydrocarbons in groundwater so that
this information can be used by the base and its prime environmental contractor(s) to develop
an effective groundwater remediation strategy. As a result, these studies are not necessarily
intended to fulfill specific federal or state requirements regarding site assessments, remedial
action plans, or other such mandated investigations and reports. A secondary goal of this
multi-site initiative is to provide a database from multiple sites that demonstrates that natural

1-1
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processes of contaminant degradation often can reduce contaminant concentrations in
groundwater to below acceptable cleanup standards before completion of potential receptor

exposure pathways, and do so in a cost-effective manner.

The scope of work for this project involved the following tasks:

¢ Reviewing existing hydrogeologic and soil and groundwater quality data for the site;

e Conducting supplemental site characterization activities to determine the nature and
extent of soil and groundwater contamination and to collect geochemical data in
support of intrinsic remediation;

e Developing a conceptual hydrogeologic model of the shallow saturated zone,
including the current distribution of contaminants;

¢ Determining if naturally occurring processes of contaminant destruction are occurring
in groundwater at the site;

e Performing contaminant fate and transport modeling based on site hydrogeologic
conditions using the Bioplume II model;

¢ Evaluating a range of model input parameters to determine the sensitivity of the model
to those parameters and to consider several contaminant fate and transport scenarios:

e Determining if naturally occurring processes are sufficient to minimize BTEX plume
expansion so that groundwater quality standards can be met at a downgradient point of
compliance (POC);

e Suggesting remedial action objectives (RAOs) based on the results of the field
investigation and modeling, and reviewing available remedial technologies for
comparison with the intrinsic remediation option;

o Using the results of modeling to suggest an appropriate remedial option based on
effectiveness, implementability, and cost criteria, in light of the evidence presented in
support of intrinsic remediation; and

e Providing an LTM plan that includes LTM and POC well locations and a sampling
and analysis plan.

Site characterization activities in support of intrinsic remediation included soil borehole
drilling with soil sample collection and analysis, monitoring well installation, light
nonaqueous-phase liquid (LNAPL) sampling, and sampling and analysis of groundwater

from newly installed and existing monitoring wells.
Site-specific data were used to develop a fate and transport model for the site using

Bioplume II and to conduct a preliminary exposure pathway analysis. The Bioplume II

1-2
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model was used to simulate the movement of dissclved BTEX in the shallow saturated zone
under the influence of advection, dispersion, sorption, and biodegradation. As part of the TS.
this modeling effort had three primary objectives: 1)to predict the future extent and
concentration of the dissolved BTEX plume by modeling the combined effects of advection,
dispersion, sorption, and biodegradation; 2) to assess the possible completion of exposure
pathways to potential downgradient receptors; and 3) to provide technical support for the
intrinsic remediation with LTM remedial option during regulatory negotiations, as

appropriate.

All hydrogeologic and groundwater chemical data necessary to evaluate multiple remedial
options were collected under this program; however, the field work conducted under this
program was oriented toward the collection of hydrogeologic data to be used as input into the
Bioplume II groundwater model in support of intrinsic remediation with LTM for restoration

of fuel-hydrocarbon-contaminated groundwater.

This report contains nine sections, including this introduction, and four appendices.
Section 2 summarizes site characterization activities. Section 3 summarizes the physical
characteristics of the study area. Section 4 describes the nature and extent of soil and
groundwater contamination and the geochemistry of soil and groundwater at the site.
Section 5 describes the Bioplume II model and design of the conceptual model for the site,
lists model assumptions and input parameters, and describes sensitivity analysis, model
output, and the results of the Bioplume Il modeling. Section 6 presents a comparative
analysis of remedial alternatives. Section 7 presents a suggested LTM plan for the site.
Section 8 presents the conclusions of this work and provides recommendations for further
work at the site. Section 9 lists the references used tc develop this document. Appendix A
contains boring logs and well completion diagrams. Appendix B presents soil and
groundwater analytical results. Appendix C contains calculations and model input
parameters. Appendix D contains Bioplume II model input and output in ASCII format on a
diskette.

1.2 FACILITY BACKGROUND

Site ST41 is located in the southwestern portion of the base, near the west end of the east-
west runway. The site occupies approximately 20 acres north of Loop Road. approximately

1-3
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2,200 feet east of the Knik Arm of Cook Inlet. Figure 1.1 shows the location of this site
relative to Elmendorf AFB. In the early 1940’s, four 1,000,000-gallon aviation gasoline
(AVGAS) underground storage tanks (USTs) were installed at this site. Locations of these
USTs, numbered 601 through 604, are indicated on Figure 1.2. In addition to the UST
system, a fuel product distribution line runs through the area. This line is currently in use and
is not considered to be a source of contamination (Jacobs Engineering Group, 1994b).
Another potentially significant site feature is a 1-acre area on the western edge of Site ST41.
where tank sludge is suspected to be buried. However, base personnel have indicated that
sludge was disposed of elsewhere on the base, and there are no records of sludge disposal in

this area (Jacobs Engineering Group, 1994b).

Source areas at the site, originally called SP-5 and SP-SA. included an area adjacent to the
USTs and an oil seep just south of Loop Road. Under the Installation Restoration Program
(IRP), Site ST41 is part of operable unit (OU) 2.

The USTs are known to have leaked, and numerous aboveground spills also have occurred
at this site. Spills suspected or known to have occurred include a 60,000-gallon AVGAS
spill in the 1960’s and a 33,000-gallon spill in 1964. Several hundred thousand gallons of
JP-4 jet fuel were reportedly spilled in this area between 1975 and 1984 (Engineering-
Science, Inc., 1983; Black & Veatch, 1990). In the 1970’s and early 1980’s, a concrete dam
and an oil/water separator were installed in an effort to intercept fuel discharging from seeps
on the south side of Site ST41. In late 1990, testing indicated that all four USTs were
leaking, and al! the tanks and piping were emptied and taken out of service in early 1991. It
is also possible that petroleum has been released from piping, including valve fittings, valve

pits, and cracks in the piping.

In October 1993, two groundwater extraction wells and three groundwater extraction
trenches were installed in the area on either side of a groundwater divide running through the
site as an interim remedial action (IRA). The IRA system was constructed to intercept
mobile LNAPL and contaminated water. During construction of the IRA system, two wood
stave condensate pipes were uncovered. These pipes allowed condensed fuel and water to
drain away from Tanks 601 and 604 and discharge at the ground surface. Locations of these
features are indicated on Figure 1.3. These pipes may have been connected to sump pumps

that were used to remove water from the bottoms of the tanks.
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Through December 1993, the extraction trenches and wells were pumped 5 days per week
for 7 to 8 hours per day. The combined flow from the trenches and wells was 9 to 10 gallons
per minute (gpm). As of mid-December 1993, approximately 70 gallons of product were
recovered, and 65,300 gallons of water were treated in an air stripper (Jacobs Engineering
Group, 1994b).

Results of IRP investigations that included Site ST41 are presented in several reports,

including:
e Phase I Records Search (Engineering-Science, Inc., 1983);
o Stage 3 Remedial Investigation / Feasibility Study (RI/FS) (Black & Veatch, 1990); and
e Operable Unit 2 RI/FS Report (Jacobs Engineering Group, 1994b).

Site-specific data presented in Sections 3, 4, and 5 are based on a review of these
documents and on data collected by ES and researchers from the RSKERL under this
program. A synopsis of site characterization activities conducted to date is provided by

Jacobs Engineering Group (1994b).

While there are three distinct plumes of contaminated water emanating from the site, this
study focused on the plume emanating from the vicinity of Tank 601. This area was chosen
for study because the dissolved BTEX concentrations are highest within this plume, the
plume has a greater extent than other plumes at Site ST41, and the downgradient extent of the
plume was not well-defined. For the remainder of the document, the term “Site ST41” will
often be used to designate this specific area of study rather than the entire site. Conclusions
reached from the study of this plume may potentially apply to the other plume areas.
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SECTION 2

SITE CHARACTERIZATION ACTIVITIES

This section presents the methods used by Parsons ES and RSKERL personnel to collect
site-specific data at Elmendorf AFB, Alaska. To meet the requirements of the intrinsic
remediation demonstration, several investigative techniques, including soil and groundwater
sampling, were utilized. Soil sampling was accomplished during this investigation using
hollow-stem auger (HSA) drilling in conjunction with continuous split-barrel sampling.
Previous investigations conducted at the site utilized standard HSA drilling and soil sampling
as well as sampling of groundwater via monitoring wells. Groundwater sampling was
accomplished during this investigation using newly installed and previously existing

monitoring wells. Aquifer slug tests were conducted at existing wells.

In addition to the work conducted under this program, Jacobs Engineering Group (1994b)
collected soil and groundwater data as part of an RI/FS for OU2. Data collected by Jacobs
Engineering Group and data collected under this program were integrated to develop the
conceptual site model and to aid interpretation of the physical setting (Section 3) and

contaminant distribution (Section 4).

The physical and chemical hydrogeologic data listed below were collected during the field
work phase of the TS:

¢ Depth from measurement datum to the water table or potentiometric surface in
monitoring wells and monitoring points;

e Location of potential groundwater recharge and discharge areas;
o Stratigraphic analysis of subsurface media;

e Estimation of extent and thickness of mobile-phase LNAPL;

e Hydraulic conductivity as determined from slug test data;

¢ Dissolved oxygen (DO), nitrate, ferrous iron, sulfate, methane, and chloride

concentrations in groundwater;,

L.:\45007\st4 1 rept\st4 1 finl.doc
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e Temperature, specific conductance, reduction/oxidation (redox) potential, total

alkalinity, and pH of groundwater;

BTEX and trimethylbenzene (TMB) concentrations in groundwater;

e BTEX, TMB, and total petroleum hydrocarbon (TPH) concentrations in soil; and
e TOC concentrations in soil and groundwater samples; and

e Chemical analysis of mobile LNAPL to determine the mass fraction of BTEX.

The following sections describe the procedures that were followed when collecting site-
specific data. The applied drilling, soil sampling, lithologic logging, and monitoring well
development procedures are described in Section 2.1. Groundwater sampling procedures are
described in Section 2.2. Additional details regarding investigative activities are presented in

the draft work plan (Engineering-Science, Inc., 1994).

2.1 DRILLING, SOIL SAMPLING, AND MONITORING WELL INSTALLATION

Field work occurred during June 1994, and consisted of drilling, soil sampling, and
monitoring well installation for wells ST41-ES1 through ST41-ES8B. These activitics were
performed according to the procedures described in the work plan (Engineering-Science, Inc.,

1994) and in the following sections.

2.1.1 Well Locations and Completion Intervals

Thirteen new groundwater monitoring wells were installed to help characterize the
shallow groundwater flow system in the vicinity of Site ST41. These wells are identified as
ST41-ES1, ST41-ES2, ST41-ES3, ST41-ES4A, ST41-ES4B, ST41-ESSA, ST41-ESSB.
ST41-ES6A, ST41-ES6B, ST41-ES7A, ST41-ES7B, ST41-ES8A, and ST41-ES8B. The
new monitoring wells were installed in the locations shown on Figure 2.1. Table 2.1 presents
well completion details. Nested wells (e.g., ST41-ES1A and ST41-ES1B) were installed
adjacent to each other, with one well (designated by the suffix “A™) screened across the water
table, and with the other well screened 4 to 8 feet below the bottom of the first well. The
well locations were selected to provide the hydrogeologic data necessary for successful

implementation of the Bioplume II model and to support intrinsic remediation.

2-2
L:\45007\st4 1 reptistd 1 finl doc




ST41-28 BADWG 31~800

AST41-BH1 T 8741 27
1~
y 4 OST4 32 — _ ST41-8H08 ¥~ BHOD1 §
Y = y *} TANK 603
I oSyt
| BT TANK 602 °
| |
ST41-BHO9
N ] UNDERGROUND
ST41-MW38 | PO &
IAST41~BHO7 | AREA
e |
TANK 601 »
‘ 81 <07
ST41-MW36 o >
Q
O ST41-18
STas rs:.'__,
ST41~15 R ST41-BHO5 O - ’
N STa1-16 " ST41-19
ST41~BHO3/; s ST41~BHO4
v AT
ST41-w-7 0 DRAINAGE DITCH
- ST41-£52 CONCRETE DaMm »
9] @) 41—
o ST41-25 ST41-w-g 4;5“ £S3 Osm 24
ST41-21 AST47"BH06 -
P O
ST41 -554% ST41-29 (] @
ST41-£548
T41-ES5A
S £S5 *sm{sss o
ST41-28
ST41-MwW374 >

ST41-£S64
¢sr41 —-£S6g  ST41-Mw37B
ST41-£S7R
ST41-£S7A

f ,
ST41-gs8B 0 50100 200 400
*sm—sssA %

FEET

LEGEND
FIGURE 2.1
- ROAD »
[Z BUILDING MONITORING wELL AND
SOIL BOREHOLE LOCATIONS
S GROUNDWATER segp
(@] Site ST41
STd1-29 MONITORING WELL (1985-1992) Intrinsic Remediation TS »
Eimendorf Ajr Force Base, Alaskea
&T“ ~ES3 MONITORING WELL (1994) PARGONS
ST41-BHOZ SO BORIG (1992) !NBINE!RINB ICIINCI. INC.
4 Denver, Colorado

L \45007\DRAW!NGS\ST4T\94DN7204, 10/20/95 ot 10: 34 2.3 »




v ofe « o
[ ] o [ ] [ ] [ ] e a [ [ e
S6/p2/01 b7

STX TTAMIPLS\STIGVINO00S ']
(Qb661) dnoary 3undduidur] sqoae( wiosj sjam pajeisul {|snotaaid 10 eieQ

alqeiese Jou BIE(] = VN 1943 B3S UBOW SAOQE 190 = [SW Y
asepns punoid moloq 103 = s3qy “3uises DA Jo doy st wne(q |
891 I'tLl 0t 081 0s 00T 0t 1’161 68°¢61 69'96T¥991 | 8T°0108+9C 48Sd-1v1S
1181 1981 001 0s 0§ 007 001 1161 08'¢61 98°65TH991 | 615008497 V8Sd-It1S
LSt L 081 00T 05l 0 00¢ 00T L'561 v0'66! SLE6IVI91 | 8£00T8YST HLSH-1vLS
6'¢81 606! 001 0 0¢ 007 001 650! 88861 6v'661v991 | £1'9618%9C VLSA-1v1S
1941 1181 0L 0Tt 0§ 007 0L 1 €02 68507 91'S0PY991 | vO'1ST8YIT 49S3-1v.LS
8881 861 oyl 06 0% 00 0l 870 98'§0¢ 01'86E4991 | LE1ST8YIT V9S3-1v1S
9’881 9'tel 0Tt 0ct 0§ 00T 07T 9'01¢ 14114 P9'L61r991 | 98°0£v8Y9T d5Sa-1v1S
L10T L7907 06 oy 0s 007 06 L01T £y el 111614991 | 61'pEP8YIT VSSH-1¥ LS
L'T61 L'L61 081 0tl 0§ 00C 081 L01T 8517 PPO9Ly991 | LY TIP8YIT dpS3-1v1S
070 0°L0T 06 0y 0§ 007 06 011z 69°¢1T 96'tSEY991 1 80'v9¥8H9T VySa-1$1S
9'€0 9'80¢ 0'6 oy 0§ 007 06 91T Py $it 8T°CE8Y991 | S6'1098v97 £Sd-1v1S
601C 6517 06 oy 0§ 007 06 661 1L7TT 97'85T¥991 | 61'vL98+9C SH-1plS
§vil 144 007 001 00l 007 007 Svbi 61'Lve £E°T95Y991 | 6£'£988¥9T 1SH-19.LS
SSvl $°091 0’19 09y 06! 00 0’59 §°90C t5°01T 18°109¥991 | 16°08Z8%9C | HLEMN-1PLS
L'78) LL6l 6'€C 68 0§l 00y 0'sT 9907 €0 11T 18°€8S¥991 | 99'v8T8YIT | VLEMW-1PLS
VN VN VN VN VN 00T 9LET 1'€1¢ 0£'917 0L’ 169¥991 | 19'0£9849T 8-M-1¥1S
VN VN YN VN VN 007 1007 ¥91T vy 81T 8E°6ZSHI91L | OV’ ¥ 1L849T LM-IPLS
VN VN VN VN VN VN VN 8117 0§91T £0'6VSv991 | £0'1058¥9C 62-1¥1S
9tel 9'£0T $91 §9 001 007 4% 101 [4 4114 £S98LF991 | L8LOY8YIT 9C-1v1S
LT0T $01T LT 6V 8L 007 8971 pSiz LL0TT 6£°6¥P¥991 | vS0£9849T ST-1v1S
9961 90T 06l )4 0¢ 00¢ 2061 9¢1T 19°07¢ TL'TITYY91 | 09'5658¥9C 12-1%1S
0 0'TeT 091 09 001 007 v191 0'8¢¢ 10°€¥T 01'69L¥991 | 162068497 81-1v18
1 X144 £6£7 0'0¢ 001 001 00T 0'0¢ £'6vT 8'¢ST S6'ELYYIIL | v8'SPBBYIT AN AR
€0£T £0vT 0'81 08 00l 007 ££0T £8vT [4 X454 8L9TEV991 | ¥1'bL88PIT SI-1¥LS
VN VN VN VN VN 00'Z 9'rs €692 ty'897 05°88pb99) | 68616897 LO0~1PLS
v 9rt vyl 0'6¢ 00 VN 007 tShe p'19¢ 89°69¢ 9EPLIVIOL | S89S16V9T [{ AN
0'0€7 0¥ R34 0°0¢ » VN 007 LTSY 0'6LT 96'6L7 69°6L5¥991 | 118916492 10-1¥18
(Swiaa))  (Sw19)) | (58q199)) (589 199)) G23)) (satpour) G0 (s y) L (S ) unsed | SUIGUON UonEs0]
wonog doy wonogy doj. y18ua PRI ydag uoyeAd|s] uoneAd|y SajeulpIo) M
UOIRADJT UG ud313§ o4 yidacg [IGRTRIN Sutse) jeio], punoin e ouejd s

VISVIV ‘44V JMOANTIWA
SL NOILVIQIIY DISNIYLNI 191S ALIS
NOILVINHOANI NOILLATdIWOD T1IM

1'1314vL




“ N

FINAL

2.1.2 Well Drilling and Soil Sampling Procedures

This section describes the procedures that were used for drilling and installation of new
monitoring wells. All new monitoring wells were installed in accordance with general
procedures outlined in Section 8.5 of 4 Compendium of Superfund Field Methods (USEPA.
1987).

2.1.2.1 Pre-Drilling Activities

All necessary digging, drilling, and groundwater monitoring well installation permits were
obtained prior to mobilizing to the field. In addition, all utility lines were located. and

proposed drilling locations were cleared prior to any drilling activities.

Water used in drilling, equipment cleaning, or grouting was obtained from an onsite
potable water supply. Water use approval was verified by contacting the appropriate facility

personnel.

2.1.2.2 Equipment Decontamination Procedures

Prior to arriving at the site, and between each drilling location. the augers, drilling rods,
bits, casing, samplers, tools and other downhole equipment were decontaminated using a
high-pressure, steam/hot water wash. Only potable water was used for decontamination.

During drilling operations, the drill rig, augers, and any downhole drilling and/or sampling
equipment were decontaminated at the Elmendorf AFB decontamination pad. Water from
the decontamination operations was allowed to collect in the decontamination pad collection
sump, then pumped into holding tanks. After conditioning (using granular carbon canisters),
water from the holding tanks was released into the sanitary sewer. Precautions were taken to
minimize any impact to the area surrounding the decontamination pad that might result from

the decontamination operations.

All sampling tools were cleaned onsite, prior to use and between each sampling event,
with a clean water/phosphate-free detergent mix and a clean water rinse. All well completion
materials were factory sealed. All decontamination activities were conducted in a manner so

that the excess water was controlled and not allowed to flow into any open borehole.

L£.:\45007\st4 I reptistd I fini.doc
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Fuel, lubricants, and other similar substances were handled in a manner consistent with
accepted safety procedures and standard operating practices. Well completion matenals were
not stored near or in areas that could be affected by these substances.

2.1.2.3 Drilling and Soil Sampling

Drilling was accomplished by using the HSA method. The borings were drilled and
continuously sampled to the total depth of the borehole. Where two wells were installed
adjacent to each other (i.e., nested), only the deeper well was logged and sampled. In many
instances, sand heave below the water table prevented collection of continuous samples. A

final borehole diameter of at least 8 inches was used for the installation of wells with a 2-inch

inside-diameter (ID) casing.

Continuous soil samples were obtained using a 2.5-inch-ID split-barrel sampling device
(also known as a split spoon). Where possible. samples were collected continuously over the
full depth of the soil borehole. One soil sample was removed from the lower 10 to 12 inches
of the spoon and placed in a clean glass jar for laboratory analysis. In addition. a portion of
the soil sample was placed in an unused, sealable plastic bag for photoionization detector
(PID) headspace measurements for volatile organic compounds (VOCs). Soil remaining in
the spoon was used for lithologic and stratigraphic logging. Bags containing soil samples
collected for the headspace procedure were quickly sealed and held for 15 minutes at an
ambient temperature of 65 degrees Fahrenheit (°F) or greater. Semiquantitative
measurements were made by puncturing the bag seal with the PID probe and reading the
concentration of the headspace gases. The PID relates the concentration of total VOCs in the
sample to an isobutylene calibration standard. The PID was aiso used to monitor the worker

breathing zone.

The Parsons ES field hydrogeologist observed drilling and well instaliation activities and
maintained a detailed descriptive log of subsurface materials recovered. Final geologic
boring logs are presented in Appendix A. These logs contain:

e Sampled interval (top and bottom depth);

e Presence or absence of contamination based on odor, staining, and/or PID readings;

2-6
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e Soil description, including color, major textural constituents, minor constituents.
relative moisture content, plasticity of fines, cohesiveness, grain size, structure or
stratification, and any other significant observations; and,

o Lithologic contacts, with the depth of lithologic contacts and/or significant textural
changes recorded to the nearest 0.1 foot (1 inch).

At all borehole locations, one or two soil samples from the vicinitv of the water table were
selected for laboratory analysis. Where no elevated PID headspace readings were
encountered, samples were collected from immediately above and/or immediately below the
water table. Where PID readings were elevated, one of the samples submitted for laboratory

analysis was from the interval giving the highest reading.

Sample containers and appropriate container lids were provided by the USEPA Mobile
Laboratory. The sample containers were filled as full as possible to eliminate creation of
headspace in the jars, and the container lids were tightly closed. A sample label was firmly
attached to the container side. and the following information was legibly and indelibly

written on the label:

e Sample identification;
o Sample depth;
e Sampling date; and,

e Sample collector's initials.

After the samples were sealed and labeled, they were placed in a cooler with ice and held
for transport to the onsite USEPA Mobile Laboratory. Samples were analyzed for BTEX and
TMBs, TPH, and TOC.

Soils exhibiting petroleum hydrocarbon contamination based on PID screening was to
have been drummed and stored onsite during the drilling operations (Engineering-Science,
Inc., 1994). However, none of the soil displayed contamination (based on PID readings that
were all at or below background). As a result, all extraneous sample material and cuttings

were thin-spread in the vicinity of the borehole.

2-7
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2.1.3 Monitoring Well Installation

Groundwater monitoring wells were installed in 13 soil borings under this program.
Detailed well installation procedures are described in the following paragraphs. Well

completion diagrams are included in Appendix A.

2.1.3.1 Well Materials Decontamination

Well completion materials were inspected by the field hydrogeologist and determined to
be clean and acceptable prior to use. All well completion materials were factory sealed. Pre-
packaged casing, sand, bentonite, and concrete mix were used in well construction, and the
bags were inspected for possible external contamination before use. Materials that could not

be cleaned to the satisfaction of the field hyvdrogeologist were not used.

2.1.3.2 Well Casing

Upon completion of drilling to the proper boring termination depth. monitoring well
casing was installed. Well construction details were noted on a Monitoring Well Installation
Record form. This information became part of the permanent field record for the site.

Monitoring well installation forms for Site ST41 are presented in Appendix A.

Blank well casing was constructed of Schedule 40 polyvinyl chloride (PVC) with an ID of
2 inches. All well casing sections were flush threaded, and glued joints were not used. The
casing at each well was fitted rvith a vented tep cap constructed of the same type of material

as the well casing.

The field hydrogeologist verified and recorded the boring depth, the lengths of all casing
sections, and the depth to the top of all well completion materials placed in the annulus
between the casing and borehole wall. All Jengths and depths were measured to the nearest

0.1 foot.

2.1.3.3 Well Screen

Well screens were constructed of flush-threaded, Schedule 40 PVC with an ID of 2 inches.
The screens were factory slotted with 0.010-inch openings. Each shallow well was screened

2-8
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so that seasonal fluctuations of the water table can be measured and so that mobile LNAPL
(if present) can be detected. Well screen positions were selected by the field hydrogeologist
after consideration was given to the geometry and hydraulic characteristics of the stratum in

which the wells were screened.

2.1.3.4 Sand Filter Pack

A graded sand filter was placed around the screened interval from the bottom of the casing
to approximately 2 feet above the top of the screen. Number 10-20 Colorado silica sand was

used for the sand filter pack.

2.1.3.5 Annular Sealant

A filter pack seal of sodium bentonite chips was placed above the sand pack in all wells.
The filter pack seal was a minimum of 2 feet thick and, where placed above the water table.
was hydrated in place with potable water. In all but one well at Site ST41, the remainder of
the annular seal up to the surface also consisted of hydrated bentonite chips. This was done
because the water table was shallow at most locations and the depth of the wells did not
warrent the mixing of bentonite grout. At one well (ST41-ES6B), the filter pack seal was
overlain with a sodium bentonite grout extending from the top of the pellet seal to
approximately 3 feet below ground surface (bgs). The sodium bentonite grout mix consisted
of one 50-pound sack of granular bentonite for e2 2 15 gallons of water used. The grout was

topped by hydrated bentonite chips to proviae better support for the protective casing.

For both shallow and deep wells, the protective pipes were set into the upper 2 to 2.5 feet
of the annular seal. The pipes were not cemented in place in order to minimize frost heave
impacts. Use of such a seal reduces the potential of frost heave damage because bentonite
remains plastic at low temperatures, minimizing shear between the annular seal. the
surrounding earth, and the protector pipe. Pure sodium bentonite has a permeability low
enough to provide a sufficient borehole seal. To minimize dehydration and protect the
bentonite, a 6-inch thick gravel pad was placed on top of the seal surrounding the protector

pipe.
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2.1.3.6 Protective Cover

Each monitoring well was completed with a 5-inch-diameter aboveground protective
cover with a locking cap. The covers were placed approximately 3 feet above grade, with a
gravel pad surrounding the cover. Brass tags were affixed to each cover, and a set of dies

was used to stamp the well name onto the tags.

2.1.4 Well Development

Before being sampled, newly installed monitoring wells were developed. Well
develor nent removes sediment from inside the well casing and flushes fines, cuttings, and
drilling rluids from the sand pack and the portion of the formation adjacent to the well screen.

Well development was accomplished using a peristaltic pump. The pump was regularly
raised and lowered in the well to agitate fines c~llected in the casing and to remove them
from the well in the development water. Because all the wells purged dry, even at low flow
rates, development consisted of purging each well dry, allowing it to recover, and purging it
again. This process was repeated up to three times at each well. All well development
waters were collected in a 400-gallon polyethylene tank and transported to the Elmendorf
AFB water conditioning facility for conditioning and disposal.

2.2 GROUNDWATER SAMPLING

This section describes the procedures used for collecting groundwater quality samples. In
order to maintain a high degree of quality control (QC) during this sampling event, the
procedures described in the site work plan (Engineering-Science, Inc., 1994) and summarized

in the following sections were followed.

Groundwater sampling occurred during June 1994, and consisted of collecting
groundwater samples from new and existing monitoring wells. Personnel from Parsons ES
and USEPA RSKERL participated in groundwater sampling. USEPA RSKERL was
responsible for sample analysis. The procedures used to sample groundwater monitoring

wells is described in Section 2.2.3.2.

Activities that occurred during groundwater sampling are summarized below:

2-10
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o Assembly and preparation of equipment and supplies;
» Inspection of the well integrity, including
- Protective cover, cap and lock,
- External surface seal and pad,
- Well casing, cap, and datum reference, and
- Internal surface seal;
e Groundwater sampling, including
- Water level measurements,
- Visual inspection of water,
- Well casing evacuation, and
- Sampling;

Sample preservation and packaging, including

- Sample preparation,

- Onsite measurement of physical parameters, and
- Sample labeling;

Completion of sampling records; and

e Sample delivery to the USEPA Mobile Laboratory.

Detailed groundwater sampling and sample handling procedures that were used are presented

in following sections.

2.2.1 Groundwater Sampling Locations

Groundwater samples were collected from existing and newly installed monitoring wells
by Parsons ES and USEPA RSKERL personnel. Thirteen new monitoring wells, ‘ncluding
five nested well pairs, were installed in the locations shown on Figure 2.1. After completion
of well installation and development activities, these wells were sampled using a peristaltic
pump with dedicated polyethylene tubing. Thirteen previously existing monitoring wells
also were sampled under this program. Existing wells that were sampled included ST41-01.
ST41-02, ST41-07, ST41-W-7, ST41-W-8, ST41-15, ST41-16, ST41-18, ST41-21, ST41-25.
ST41-29, ST41-MW37A, and ST41-MW37B. Well completion data for the newly installed
and previously installed wells are provided on Table 2.1.

2-11
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2.2.2 Preparation for Sampling

All equipment used for sampling was assembled and properly cleaned and calibrated (if

required) prior to arriving in the field. In addition, all record-keeping materials were ~
gathered prior to leaving the office.
2.2.2.1 Equipment Cleaning
All portions of sampling and test equipment that contacted the sample were thoroughly
cleaned before use. This equipment included the water level probe and cable, lifting lines,
test equipment for onsite use, and other equipment that contacted the samples. The following
cleaning protocol was used:
o Cleaned with potable water and phosphate-free laboratory detergent:
« Rinsed with potable water;
o Rinsed with distilled or deionized water;
¢ Rinsed with reagent-grade acetone; and
e Air dried prior to use. o
Any deviations from these procedures were documented in the field scientist's field notebook
and on the groundwater sampling form.
2.2.2.2 Equipment Calibration
As required, field analytical equipment was calibrated according to the manufacturers’
specifications prior to field use. This requirement applied to equipment used for onsite
chemical measurements of DO and temperature.
2.2.3 Sampling Procedures
Special care was taken to prevent contamination of the groundwater and extracted samples
through cross contamination from improperly cleaned equipment. Water level probes and
cable used to determine static water levels and well total depths were thoroughly cleaned
before and after field use and between uses at different sampling locations according to the
2-12
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procedures presented in Section 2.2.2.1. In addition, a clean pair of new. disposable nitrile
gloves was worn each time a different well was sampled.

2.2.3.1 Groundwater Monitoring Well Sampling

2.2.3.1.1 Preparation of Location

Prior to starting the sampling procedure, the area around the well was cleared of foreign
materials, such as brush, rocks, and debris. These procedures prevented sampling equipment
from inadvertently contacting debris around the monitoring well.

2.2.3.1.2 Water Level and Total Depth Measurements

Prior to removing any water from the well the static water level was measured. An
electrical water level probe was used to measure the depth to groundwater below the well
datum to the nearest 0.01 foot. After measurement of the static water level, the water level
probe was lowered to the bottom of the well for measurement of total well depth (recorded to
the nearest 0.01 foot). Based on these measurements, the volume of water to be purged from
the wells was calculated.

2.2.3.1.3 Well Purging

Where possible, three times the calculated casing volume was removed from each well
prior to sampling; however, most wells purged dry. All purge water was placed in a 400-
gallon polyethylene tank and transported to the Elmendorf AFB conditioning unit for
conditioning and disposal. A peristaltic pump with dedicated polyethylene tubing was used

for well evacuation.

2.2.3.1.4 Sample Extraction

A peristaltic pump with dedicated polyethylene tubing was used to extract groundwater
samples from the well. The sample was transferred directly into the appropriate sample
container. The water was carefully poured down the inner walls of the sample bottle to
minimize aeration of the sample. Sample bottles for BTEX and TMB analysis were filled so
that there was no headspace or air bubbles within the container.

2-13
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2.2.4 Onsite Chemical Parameter Measurement

2.2.4.1 Dissolved Oxygen Measurements

DO measurements were taken using an Orion® model 840 DO meter in a flow-through
cell at the outlet of the peristaltic pump. DO concentrations were recorded after the readings
stabilized, and in all cases represent the lowest DO concentration observed.

2.2.4.2 pH and Temperature Measurements

Because the pH and temperature of the groundwater change significantly within a short
time following sample acquisition, these parameters were measured in the field or at the EPA
Mobile Laboratory as soon as possible after acquisition. The measurements were made in a
clean glass container separate from those intended for laboratory analysis, and the measured

values were recorded in the groundwater sampling record.

2.2.5 Sample Handling

2.2.5.1 Sample Preservation

The USEPA Mobile Laboratory added any necessary chemical preservatives to sample

containers prior to collection of samples.

2.2.5.2 Sample Container and Labels

Sample containers and appropriate container lids were provided by the USEPA Mobile
Laboratory. The sample containers were filled as described in Sections 2.2.3.1.4. and the
container lids were tightly closed. The sample label was firmly attached to the container
side, and the following information was legibly and indelibly written on the label:

o Facility name;
o Sample identification;
e Sample type (groundwater);

e Sampling date;
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¢ Sampling time;
e Preservatives added; and

o Sample collector's initials.

2.2.5.3 Sample Shipment

After the samples were sealed and labeled, they were packaged for transport to the onsite
USEPA Mobile Laboratory. The following packaging and labeling procedures were
followed:

e Sample was packaged to prevent leakage or vaporization from its container;
e Shipping container was labeled with

- Sample collector's name, address, and telephone number;

- Description of sample;

- Quantity of sample; and

- Date of shipment.

The packaged samples were hand-delivered to the USEPA Mobile Laboratory. Delivery

occurred shortly after sample acquisition.

2.3 AQUIFER TESTING

Slug tests were conducted to estimate the hydraulic conductivity of the shallow saturated
zone at Site ST41. Slug tests are single-well hydraulic tests used to determine the hydraulic
conductivity of an aquifer in the immediate vicinity of the tested well. Slug tests can be used
for both confined and unconfined aquifers that have a transmissivity of less than 7,000 square
feet per day (ft?/day). Slug testing can be performed using either a rising head or a failing
head test. Both rising head and falling head tests were used at this site. Slug tests were
performed in monitoring wells ST41-ES2, ST41-ES4A, ST41-ES4B, ST41-ES8A, and ST41-
ES8B (Figure 2.1). Detailed slug testing procedures are presented in the Draft Technical
Protocol for Implementing the Intrinsic Remediation with Long-Term Monitoring Option for
Natural Attenuation of Dissolved-Phase Fuel Contamination in Groundwater (Wiedemeier et

al., 1995), hereafter referred to as the Technical Protocol document.
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2.3.1 Slug Test Data Analysis

Data obtained during slug testing were analyzed using AQTESOLV software and the
methods of Bouwer and Rice (1976) and Bouwer (1989) for unconfined conditions. The

results of slug testing are presented in Section 3.3.

2.4 SURVEYING

After completion of field work, all new monitoring well locations and elevations were
surveyed by a professional land survevor. The horizontal locations were measured relative to
existing monitoring wells. Vertical location of the ground surface adjacent to the well casing
and the measurement datum (top of the PVC well casing) were measured relative to existing
wells tied to a US Geological Survey (USGS) mean sea level (msl) datum. Horizontal
location was surveyed to the nearest 0.1 foot. Datum and ground surface elevations were
surveyed to the nearest 0.01 foot. Horizontal control was based on previous data for wells
ST41-18 and ST41-MW37B,. and the previously reported elevation for the PVC casing of
well ST41-MW37B (Jacobs Engineering Group, 1994b) was used as a local elevation

benchmark.

2-16
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SECTION 3

PHYSICAL CHARACTERISTICS OF THE STUDY AREA

This section incorporates data collected during investigations as summarized by Jacobs
Engineering Group (1994b) and more recent investigations conducted by Parsons ES in
conjunction with researchers from USEPA RSKERL in June 1994. Investigative techniques
used by Parsons ES and RSKERL researchers to determine the physical characteristics of Site

ST41 are discussed in Section 2.

3.1 SURFACE FEATURES

3.1.1 Topography and Surface Water Hydrology

Site ST41 is located on and near the Elmendorf Moraine, a broad, southwest to northeast
trending ridge with hummocky topography. The four USTs at the site are on the crest of the
moraine. In the vicinity of the plume emanating from Tank 601, the ground surface slopes to the
south and southwest, with a relatively steep grade near the moraine that flattens out south of

Loop Road.

There are no naturally occurring surface water bodies in the immediate vicinity of the study
area. A drainage ditch is located on the south side of the moraine, running along the north side
of Loop Road. This ditch receives water from overland flow of surface water due to precipitation
or snowmelt, and from groundwater seeps along the southern flank of the moraine that reportedly
discharge into the ditch (Jacobs Engineering Group, 1994b). The ditch flows east for
approximately 1 mile before it is diverted south under Loop Road, where it discharges near the
flight line and infiltrates into the ground. Several seeps on the north side of the moraine (out of
the area of interest for this investigation) formerly drained to a small wetland. Some of these
seeps exhibited petroleum contamination, and the flow to these seeps was contained by the
extraction trenches installed as part of the IRA.

3-1
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3.1.2 Manmade Features

Obvious man-made features at the site include the POL tanks and the roads, as well as a few
associated buildings or equipment housings. Surface cover at Site ST41 consists largely of grass,
although Loop Road is paved and Brown Road has a gravel surface. Precipitation either
infiltrates directly into the ground surface or via runoff from the paved areas or sloped areas.
The site map (Figure 1.2) shows the location of roads, buildings, and other features.

3.2 REGIONAL GEOLOGY AND HYDROGEOLOGY

Elmendorf AFB is located immediately north of Anchorage, Alaska, west of the Chugach
Mountain Front. The base lies within the Cook Inlet - Susitna Lowland physiographic province,
referred to as the “Anchorage Lowland.” The Anchorage Lowland is a large alluvial fan on the
eastern shore of the Knik Arm of Cook Inlet, surrounded by the Kenai, Chugach, and Talkeetna
mountains. Local topography is generally flat, with a slight regional rise toward the east. Ship
Creek flows along the southern boundary of the base, approximately 2 miles south of Site ST41
(Figures 1.1 and 1.3). Site ST41 is approximately 2,200 feet east of Knik Arm.

Surficial deposits in the vicinity of Elmendorf AFB consist of Pleistocene glacial drift that
was deposited during several glacial advances and retreats. During the most recent phase of
glaciation, the ice reached a position overlying the current location of Elmendorf AFB. The ice
temporarily stagnated, and poorly sorted sediment (till) was deposited at the ice front.
Deposition of till produced a terminal moraine, called the Elmendorf Moraine. The moraine is
expressed topographically as a broad, northeast-to-southwest trending ridge running through Site
ST41. After the ice retreated, meltwaters moving away from the ice margin deposited sediment
(mostly sand and gravel). producing a relatively flat, broad outwash plain upon which most of

the base facilities are located.

Two aquifers are present in the vicinity of Elmendorf AFB. In order of increasing depth,
these aquifers are 1) the shallow aquifer (in either till or outwash deposits, depending on
location); and 2) the deep confined aquifer, consisting of sand and gravel outwash deposits,
alluvial sand, and mixed deposits of glacial till. Between the shallow and deep aquifers is a
regional aquitard known as the Bootlegger Cove Formation. This unit consists of interbedded
silt and clay deposits and is approximately 125 to 250 feet thick in the Anchorage area (Updike
and Carpenter, 1986). Approximately 2 miles east of the site, the Bootlegger Cove Formation is
approximately 50 feet thick, as determined from a borehole penetrating the full thickness of the

3-2
L:\45007st4 1reptistd 1 finl.doc




N

FINAL

unit (Jacobs Engineering Group, 1994b). The upper portion of the Bootlegger Cove Formation is
generally silty, while the lower unit is generally clayey. A generalized cross-section showing
the relationships between the shallow (outwash) aquifer, the Bootlegger Cove Formation, and the
deep aquifer is presented in Figure 3.1. The shallow outwash aquifer ranges from 35 to over 120
feet thick, while the depth to groundwater ranges from 5 to 50 feet bgs. The shallow till aquifer
in the vicinity of the moraine ranges from 1 to 60 feet thick, with depth to groundwater ranging

between 1 and 30 feet bgs.

There is reportedly no communication between the shallow and deep aquifers. A hydraulic
communication test between the two aquifers was performed in 1992. Data from this test suggest
that there is no correlation between flow directions or water level elevations and elevation
changes in the shallow and deep aquifers (Jacobs Engineering Group, 1993). In addition. a
review of analytical data from several base water supply wells screened in the deep aquifer was
conducted by Radian (1994). This review concluded that minor contamination observed in the
deep aquifer was not attributable to the sources of shallow groundwater contamination observed
in OU2, and given the results of the 1992 communication test, that the Bootlegger Cove

Formation is an effective confining unit.

A groundwater divide roughly coincides with the crest of the moraine, with flow diverging
away from the divide and down the flanks of the moraine. On the south side of the moraine,
local groundwater flow is to the south. Away from the moraine the regional flow is to the south
and southwest, towards Ship Creek (Jacobs Engineering Group, 1994a). Water levels are highest
in late spring, decreasing through the summer until fall rains cause another rise. This rise
continues through late fall, and is followed by decreasing levels through the winter until the
spring thaw.

Data from previous studies indicate that the till aquifer is unconfined throughout the ST41
area, although it is possible that scattered lenses of clayey material create local areas of confined
or semi-confined conditions. These lenses may also locally perch shallcw groundwater.
Relatively impermeable silts and clays of the Bootlegger Cove Formation form the basal
boundary of this aquifer. The Bootlegger Cove Formation is also the principal confining layer
for the deep aquifer, although this aquifer may be overlain by additional thicknesses of other
fine-grained deposits. In the ST41 area, the top of the Bootlegger Cove Formation ranges from
approximately 1 foot bgs to 45 feet bgs (Jacobs Engineering Group, 1994b).

3-3
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3.3 SITE GEOLOGY AND HYDROGEOLOGY

In the Site ST41 area, 44 soil borings have been completed, of which 29 have been completed
as monitoring wells. Figure 2.1 shows the locations of most of the previously existing wells in
the vicinity of Site ST41. During June 1994, Parsons ES, in conjunction with researchers from
the RSKERL, drilled 13 soil borings in which groundwater monitoring wells were installed.
These soil boreholes/monitoring wells are designated as ST41-ES1, ST41-ES2, ST41-ES3,
ST41-ES4A, ST41-ES4B, ST41-ES5A, ST41-ESSB, ST41-ES6A, ST41-ES6B, ST41-ES7A,
ST41-ES7B, ST41-ES8A, and ST41-ES8B. Borehole depths ranged from 9 to 27 feet bgs.
Locations of these wells are presented on Figure 2.1. Table 2.1 presents available well

completion information.

3.3.1 Lithology and Stratigraphic Relationships

Site ST41 is underlain by glacial till of the Eimendorf Moraine. The moraine consists of
unconsolidated deposits of silt, clay, and sand, with occasional intervals containing up to 15
percent coarse sand and gravel (Jacobs Engineering Group, 1994b). As is typical of glacial till,
these deposits are massive (nonstratified), poorly sorted, and heterogeneous. Near the center of
the hill, the till is directly over the silty unit of the Bootlegger Cove Formation, which is
underlain by the clayey unit of the same formation. At the flanks of the hill, the till is not
present, and the Bootlegger Cove Formation is overlain by a silty sand to sandy silt unit, known
as “cover sand”. This unit is described as well sorted, possibly of alluvial origin, and older than
the till, but vounger than the Bootlegger Cove Formation (Jacobs Engineering Group, 1994b).

Soils encountered south of the moraine flank during drilling activities conducted by Parsons
ES in June 1994 largely consisted of sand and silty sand. These deposits were generally poorly
sorted, and contained silt, cobbles, gravel, and pebbles to varying degrees. On top of the sandy
unit was relatively fine-grained topsoil containing some gravel. In some places. this unit
appeared to be till washed down from the flanks of the hill or topsoil formed in such material. In
one location (ST41-ES6B), a gravelly unit was encountered at the base of the sandy unit, just
above the Bootlegger Cove Formation. One borehole, ST41-ES1, was drilled on the moraine. In
this borehole, the till was largely silt with sand and gravel, with some clayey intervals and
occasional silty sand intervals. In this location, the Bootlegger Cove Formation was encountered

at approximately 16 feet bgs.

3-5
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Most of the boreholes south of the moraine reached the top of the Bootlegger Cove
Formation, which typically was a dense blue-grey clay, silty clay. or clayey silt. The Bootlegger
Cove Formation was encountered at depths ranging from 8 to 22.5 feet bgs. and the upper surface

of the unit generally slopes to the south, away from the moraine.

These stratigraphic relationships are illustrated by hydrogeologic sections A - A’ and B - B,
which include data from previously installed wells and borings and newly installed wells. Figure
3.2 shows the locations of these sections. Figure 3.3 shows hydrogeologic section A - A’. which
is approximately paralle! to the groundwater flow direction. Figure 3.4 presents hydrogeologic
section B - B’, which is approximately perpendicular to the direction of groundwater flow.

3.3.2 Grain Size Distribution

Jacobs Engineering Group (1994b) submitted two soil samples from boring ST41-BH04
(samples collected from approximately 5 and 10 feet bgs) for grain size analysis. This boring is
in the vicinity of monitoring well ST41-ES1. Both samples are from the till of the Elmendorf
Moraine. The samples contained 46 and 58 percent silt and clay. respectively. No information is

available regarding the sand and gravel contents of these samples.

Samples from the Bootlegger Cove Formation were also submitted for grain size analysis.
Two samples were collected from ST41-MW37B at a depth of 65 feet bgs. These samples
contained 99.5 and 99.2 percent silt and clay, indicating the fine-grained nature of the Bootlegger

Cove Formation (Jacobs Engineering Group, 1994b).

3.3.3 Groundwater Hydraulics

3.3.3.1 Flow Direction and Gradient

Depth to groundwater in the vicinity or Site ST41 ranges from 1 to 35 feet bgs. In general.
depths are greatest along the moraine crest, and shallowest along the limbs. A groundwater
divide is present in the vicinity of Site ST41, running northeast to southwest along the crest of
the moraine, and between the USTs. Groundwater flow, generally following the local
topography, is to the northwest on the north limb of the moraine, and to the south or southeast on
the south limb of the moraine. Basewide elevation data indicate that away from the moraine, the

flow trends to the south and eventually southwest. Local horizontal flow gradients are generally
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in the range of 0.05 to 0.06 foot per foot (ft/ft) on and near the moraine (Jacobs Engineering
Group, 1994a).

As indicated by groundwater elevation data collected in June 1994, groundwater flow in the
Tank 601 area of ST41 is to the south and southeast. South of Loop Road, the average horizontal
flow gradient is approximately 0.063 ft/ft (Figure 3.5). North of Loop Road, on the moraine, the
gradient ranges from 0.05 ft/ft to 0.16 fU/ft. Vertical gradients measured at well nests range from
0.14 fi/ft downward at ST41-ES5 to 0.07 ft/ft upward at ST41-ES8. Table 3.1 presents
groundwater elevation data collected in June 1994, Based on the data in Table 3.1 and Figure
3.5, it does not appear that operation of the IRA extraction system has significantly affected local
groundwater flow. Flow patterns on Figure 3.5 are nearly identical to those indicated by Jacobs
(1994b) for the fall of 1991 and the spring and fall of 1992. These data were collected before the
IRA system began operation, further suggesting that operation of the IRA has not significantly
affected groundwater flow in the vicinity of the BTEX plume associated with Tank 601.

Results of previous site investigations show that there are slight seasonal variations in the
groundwater levels at the site (Jacobs Engineering Group, 1994a). Water levels are highest in
late spring, decreasing through the summer until fall, when rains cause another rise. This rise
continues through late fall, and is followed by decreasing levels through the winter, until the
spring thaw. Significant changes in flow direction have not been observed (Jacobs Engineering
Group, 1994a).

It appears, based on geologic and hydrogeologic information, including the periodic presence
of seeps, that the shallow aquifers in the Site ST41 area are unconfined. Variable till stratigraphy
could produce locally confined conditions, but there is no evidence that this occurs in the vicinity
of Site ST41.

3.3.3.2 Hydraulic Conductivity

Several slug tests were performed in Site ST41 monitoring wells by Jacobs Engineering
Group (1994b). Results of these tests suggest that the uconsolidated deposits in this area have
hydraulic conductivities ranging from 1 x 107 to 6 x 10 foot per minute (ft/min) [6 x 10%t0 3 x
107 centimeter per second (cm/sec)]. In the area of Tank 601 and the associated hydrocarbon
plume, conductivities estimated at wells ST41-07, ST41-15, ST41-MW-37A, and ST41-
MWS37B, ranged from 5 x 10 to 6.0 x 10” f/min.
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Hydraulic conductivity, was estimated at wells installed by Parsons ES using rising-head and
falling head slug tests as described in Section 2. Slug tests were performed in monitoring wells
ST41-ES2, ST41-ES4A, ST41-ES4B, ST41-ES8A, and ST41-ES8B. The results of these slug
tests are summarized in Table 3.2. The average hydraulic conductivity for the saturated zone as
determined from these tests is 2.9 x 10” fUmin or 1.5 x 10” cm/sec. Conductivity did not vary
significantly between shallow and deep wells at locations ST41-ES4 and ST41-ES8.

TABLE 3.2
SLUG TEST RESULTS
SITE ST41 INTRINSIC REMEDIATION TS
ELMENDORF AFB, ALASKA
WELL TEST HYDRAULIC | HYDRAULIC

CONDUCTIVITY | CONDUCTIVITY
(ft/min) (cm/sec)
ST41-ES2 Rising Head 7.3x10* 3.7x 10
ST41-ES4A Rising Head 12x10° 6.0x 107
ST41-ES4B Rising Head 7.8x10° 39x10°
ST41-ES8A Rising Head 3.6x 107 1.8x10°
ST41-ES8A Falling Head 14x10° 7.0x 107
ST41-ES8B Rising Head 22x10° 1.1x10°
ST41-ESSB Falling Head 3.2x107 1.6x 107
AVERAGE 29x 107 1.5x 107

3.3.3.3 Effective Porosity

Jacobs Engineering Group (1994b) submitted several samples from Site ST41 for
geotechnical analyses, including the determination of porosity. Results of these tests indicated
that aquifer materials in the site area have porosities ranging from 0.21 to 0.46. This range is
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similar to the range given by Freeze and Cherry (1979) for silt and sand (0.25 t0 0.50). Based on
the previous data, the effective porosity for sediments of the shallow saturated zone is assumed to
be 0.35.

3.3.3.4 Advective Groundwater Velocity

The advective velocity of groundwater in the direction parallel to groundwater flow is given
by:

Where: v = Average advective groundwater velocity (seepage velocity) [L/T]
K = Hydraulic conductivity [L/T} (0.0629 ft/min)
dH/dL = Gradient [L/L] (0.06 f/ft)
n, = Effective porosity (0.35).

Using this relationship in conjunction with site-specific data, the average advective groundwater
velocity south of Loop Road is 0.72 foot per day (ft/day), or approximately 260 feet per year.

3.3.3.5 Preferential Flow Paths

No preferential contaminant migration pathways were identified during the field work phase
of this project. The seeps reported to be present on the hill slope south of ST41-16 were not
observed at that time. However, operation of an extraction trench in that area may now prevent
discharge of groundwater to the ditch. Stratigraphic data do not indicate the presence of any
high-conductivity zones of material that could influence subsurface flow.

3.3.4 Groundwater Use

Groundwater from the shallow aquifer at Elmendorf AFB is not extracted for potable uses.
Water supplementing on-base requirements is obtained from deep stpply wells tapping the
confined unconsolidated deposits. Previous investigations (Jacobs Engineering Group, 1993;
and Radian, 1994) have indicated that the Bootlegger Cove Formation is a competent confining
unit, and that contamination from the shallow aquifer is unlikely to reach the deep aquifer.

3-14
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3.4 CLIMATOLOGICAL CHARACTERISTICS

Climatic information contained in this section was compiled by Black & Veatch (1990).
Elmendorf AFB is located in a transitional climatic zone, located between the maritime climatic
zone to the south and the interior or continental zone to the north (Selkregg, 1972). The St.
Elias and Chugach Mountains to the south act as a barrier to the influence of the northern Pacific
Ocean, while the Alaska Range to the north protects the area from the extremely cold Arctic air
masses of the state’s interior region. As a result, the area experiences * moderate climate lacking
extremes in precipitation or temperature. However, because of the northern latitude the area has

reduced solar radiation, resulting in low mean annual temperatures.

Monthly mean high temperatures range from about 12°F in January to about 58°F in July.
Record extreme high and low temperatures for the period from 1941 through 1984 were 86°F and
-43°F, respectively (Leslie, 1986). Mean annual precipitation is 15.9 inches, of which 36 percent

falls as snow.

3-15
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SECTION 4

NATURE AND EXTENT OF CONTAMINATION AND SOIL AND
GROUNDWATER GEOCHEMISTRY

4.1 SOURCE OF CONTAMINATION

Several sources likely contributed to the contamination observed in the vicinity of Site
ST41. All four USTs failed tightness tests in 1990, and several large spills of AVGAS
and JP-4 are known to have occurred between 1960 and 1984. In the area of Tank 601,
the condensate drain pipe running from the UST to an area near well ST41-16 probably
released petroleum hydrocarbons to the soil and groundwater. The USTs and associated
piping were taken out of service in 1991, so it is unlikely that any more petroleum has
been released at this site. Removal of mobile LNAFL and extraction of some of the
contaminated groundwater began in late 1993, with the startup of the IRA system.

4.2 SOIL CHEMISTRY

4.2.1 Mobile LNAPL Contamination

Mobile LNAPL is defined as the LNAPL that is free to flow in the aquifer and that
will flow from the aquifer matrix into a well under the influence of gravity. In the
vicinity of Tank 601, mobile LNAPL has only been detected in well ST41-16 (Jacobs
Engineering Group, 1994b). In June 1994, the LNAPL thickness measured in ST41-16
was approximately 0.67 foot (Table 3.1). The full extent of suspected mobile LNAPL
contamination cannot be accurately determined from the available measurements.
However, because LNAPL is present in only one well, the extent appears limited.

Concentrations of BTEX and TMB constituents in the mobile LNAPL were
quantitated using a sample of LNAPL collected from ST41-16 in June 1994.
Concentrations of BTEX in this sample indicate that the petroleum comprising the
LNAPL plume in this area is weathered. Table 4.1 compares BTEX concentrations in

4-1
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fresh JP-4 and gasoline to those observed in LNAPL from ST41-16. Compared to JP-4.
the LNAPL is not significantly weathered and contains toluene, ethylbenzene, and
xylenes, in concentrations greater than indicated for fresh product. However, compared
to gasoline, the LNAPL is more significantly weathered. Given these data and the site
history, the LNAPL body is most likely a weathered mixture of JP-4 and AVGAS.

TABLE 4.1

COMPARATIVE FRESH AND WEATHERED LNAPL
BTEX ANALYTICAL RESULTS
SITE ST41 INTRINSIC REMEDIATION TS

ELMENDORF AFB, ALASKA
Concentration in

Concentration in Concentration in Weathered Product from

Fresh JP-4 ¥ Fresh Gasoline® | ST41-16 (June 1994) ¢
Compound (mg/L) (mg/L) (mg/L)
benzene 3,750 6,800 - 33,200 2,310
toluene 9,975 30,200 - 153,000 11,400
ethylbenzene 2,775 7,110 - 17,500 5,750
o-xylene 7,575 -- 4480
m-xylene 7,200 -- 14,100
p-xylene 2,625 -- 4,670
total xylenes 17,400 32,100 - 78,400 23,250

¥ Data from Martel (1987).

% Data from Potter (1988), IRP (1987), and Sigsby et al. (1987).

¢ Analyzed by USEPA RSKERL using a gas chromatograph/mass spectrometer
(GC/MS).

The relationship between measured LNAPL thickness and the amount of mobile
LNAPL in the subsurface at a site is extremely difficult to quantify. It is well
documented that LNAPL thickness measurements taken in groundwater monitoring wells
are not indicative of actual mobile LNAPL thicknesses in the formation (Kemblowski

and Chiang, 1990; Abdul et al., 1989; Testa and Paczkowski, 1989; Hughes ef al., 1988.
4-2
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Blake and Hall, 1984; Hall er al., 1984; Mercer and Cohen, 1990; de Pastrovich er al.,
1979; Lehnard and Parker, 1990; Ballestero et al., 1994). It has been noted by these
authors that the thickness of LNAPL measured in a monitoring well is greater that the
actual mobile LNAPL thickness present in the aquifer and, according to Mercer and
Cohen (1990), measured LNAPL thickness in wells is typically 2 to 10 times greater than
the actual mobile LNAPL thickness in the formation.

The volume of mobile LNAPL present in the vicinity of ST41-16 can be estimated
based on three conservative assumptions. First, it is assumed that mobile LNAPL is
present in an area 100 feet by 100 feet. Second, it is assumed that the porosity of the soil
containing mobile LNAPL is 0.35. Finally, it is assumed that the actual thickness of
LNAPL in the aquifer is one-half of the thickness observed in ST41-16 (0.67 foot).
Therefore, approximately 1,170 cubic feet (8,770 gallons) of mobile LNAPL may be
present downgradient of Tank 601. This is likely an overestimate, based on the
conservative nature of the assumptions used in this calculation and the small quantities of
LNAPL accumulating in the IRA extraction system.

4.2.2 Residual-Phase Contamination

Residual-phase LNAPL is defined as the LNAPL that is trapped in the aquifer by the
processes of cohesion and capillarity, and therefore will not flow within the aquifer and
will not flow from the aquifer matrix into a well under the influence of gravity. Results
of previous soil sampling efforts are described in the site investigation reports (Black &
Veatch, 1990; Jacobs Engineering Group 1994b). Results of June 1994 investigation
activities are described below.

4.2.2.1 Soil BTEX Contamination

Two soil samples from the vicinity of the water table in boreholes for wells ST41-ES1
through ST41-ES8B were submitted for laboratory analysis of BTEX and TMBs using
method RSKSOP-124 (RSKSOP refers to RSKERL standard operating procedures).
Table 4.2 presents soil BTEX and TMB data. Only 4 of the 15 samples contained
quantifiable concentrations of BTEX compounds. All four of these samples contained
benzene, at concentrations ranging from 0.0151 to 0.0917 mg/kg. Only one of the
samples, collected from 4 to 6 feet bgs in borehole ST41-ES2, contained any of the other

4-3
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BTEX compounds. This sample had a benzene concentration of 3.34 mg/kg and an
ethylbenzene concentration of 0.444 mg/kg. TMBs were not detected in quantifiable

concentrations in any of the soil samples.

4.2.2.2 Soil TPH Contamination

Table 4.2 also presents soil TPH data. TPH concentrations were quantified as total
fuel carbon in comparison to a JP-4 fuel siandard, using RSKSOP-72. revisien 1. TPH
concentrations were below the laboratory’s quantification limit of 14.79 mg'kg in &!l soil

samples collected from monitoring well boreholes at Site ST41.

4.2.3 Total Organic Carbon

TOC concentrations are used to estimate the amount of organic matter sorbed on soil
particles or trapped in the interstitial passages of a soil matrix. The TOC concentration in
the saturated zone is an important parameter used to estimate the amount of contaminant
that could potentially be sorbed to the aquifer matrix. Sorption results in retardation of
the contaminant plume relative to the average advective groundwater velocity.
Measurements of TOC were taken for all soil samples obtained from Site ST41. The
TOC content of the soil at this site ranges from 0.071 to 25.9 percent (Table 4.1).

The two highest TOC contents were in samples from the borehole for monitoring well
ST41-ES2. At 4 to 6 feet bgs, the TOC content was 25.9 percent, while at 6 to 8 feet bgs,
the TOC content was 10.6 percent. The boring log for ST41-ES2 indicates that the soil at
these depths contained peat and some plant matter, accounting for the high TOC contents
at this location. Similar organic matter was not encountered in the vicinity of the water
table at any other location, so a more representative range of soil TOC contents for the
site is 0.071 to 0.457 percent.

4.3 GROUNDWATER CHEMISTRY

Three lines of evidence can be used to document the occurrence of natural attenuation:
1) documented loss of contaminant mass at the field scale; 2) geochemical evidence: and
3) laboratory microcosm studies. The second line of evidence (geochemical evidence) is
used herein to support the occurrence of natural attenuation, as described in the following

4-5
L.:\45007\st4 1 rept\st4 | finl.doc

e : IRNRSFRRRSREEIR

Q.@ &

@&




FINAL

sections. Because this line of evidence strongly suggests that natural attenuation is

occurring at this site, laboratory microcosm studies were not deemed riecessary.

4.3.1 Dissolved Contamination

Laboratory analytical results for groundwater samples collected during previous site
investigations indicated the presence of fuel hydrocarbon contamination in the shallow
saturated zone in the vicinity of Tank 601. Groundwater samples collected in June 1994,
by Parsons ES and RSKERL personnel confirmed these results. Table 4.3 summarizes

groundwater contaminant data for these samples.

Previous data for the Tank 601 plume were presented by Jacobs Engineering Group
(1994b). In fall 1992, BTEX compounds were detected in wells ST41-07, ST41-16, and
ST41-25. Total BTEX concentrations ranged from 913 pg/L at ST41-07 and 1,530 pg/L
at ST41-25 to 57,700 pg/L in ST41-16. At that time, TPH concentrations were measured
at 9.4 mg/L in ST41-25 and 1,100 mg/L in ST41-16. According to a trend analysis
performed by Jacobs Engineering Group (1994b), the fall 1992 analytical data are
representative of BTEX and TPH concentrations through three rounds of sampling from
fall 1990 through fall 1992.

4.3.1.1 BTEX in Groundwater

Figure 4.1 is an isopleth map showing the distribution of total BTEX dissolved in
groundwater in June 1994. Where nested wells are present, isopleths are drawn based on
the maximum concentration detected at each location. Dissolved BTEX contamination
. emanating from the vicinity of Tank 601 is migrating to the south, in the direction of
groundwater flow. As indicated by the 1 pg/L isopleth, the BTEX plume is
approximately 700 feet long and 500 feet wide at its widest point. Based on groundwater
flow data and previous evidence of a contaminant plume originating from Tank 604
(Jacobs Engineering Group, 1994b), contamination found in wells ST41-18 and ST41-
ES3 is presumed to be unrelated to the plume emanating from Tank 601. The sample
data from those wells therefore were ignored when drawing isopleths.

Where detected, total BTEX concentrations range from 1.1 to 43,280 pg/l.. The
maximum observed concentration of 43,280 pg/L was detected at monitoring well ST41-
16. This concentration may be unrealistically high. The work of Smith er al (1981)
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suggests that the maximum dissoived BTEX concentration that can result from the
equilibrium partitioning of BTEX compounds from JP-4 into groundwater is
approximately 30 mg/L (30,000 pg/L). In addition, mobile LNAPL composition data can
be used to estimate the maximum possible dissolved BTEX concentrations. Using mass-
fraction data from the LNAPL analysis (Table 4.1) and the fuel-water partitioning model
of Bruce et al. (1991), the maximum dissolved benzene, toluene, ethylbenzene, and total
xylenes concentrations expected in groundwater were calculated (Appendix C). These
calculations indicate that the maximum total BTEX concentration at equilibrium would
be approximately 30,600 pg/L. Unrealistically high total BTEX concentrations generally
result from LNAPL emulsification during sampling.

Benzene concentrations, where detected, ranged from 2.24 to 16,500 pg/L. At seven
locations, the benzene concentration exceeded the federal maximum contaminant level
(MCL) of 5 pg/L. Toluene concentrations ranged from 1.3 to 17,300 pg/L. but the
federal MCL of 1,000 pg/L was exceeded only at ST41-16. Ethylbenzene concentrations
ranged trom 1.15 to 1,920 pg/L, with concentrations at ST41-16 and ST41-25 (1,920 p
g/L and 983 pg/L, respectively) exceeding the federal MCL of 700 pg/L. Total xylenes
concentrations ranged from 1.1 to 7,560 ng/L; the federal MCL of 10,000 pg/L was not

exceeded at any location.

The observed extent of BTEX contamination suggests that natural attenuation is
limiting plume migration. Given that releases of petroleum hydrocarbons have occurred
in the site vicinity since the early 1960s (and possibly earlier), and given the average
advective groundwater velocity calculated in Section 3.3.3.4 (261 ft/yr), it is reasonable
to expect that the plume would be much longer than was observed in 1994. In addition,
BTEX concentrations decrease quite rapidly downgradient from the core of the plume.
For example, June 1994 analytical data indicate that total BTEX concentrations decrease
from 43,280 pg/L at ST41-16 to 1,831 pg/L at ST41-25, a distance of approximately
210 feet. At an additional 200 feet downgradient of ST41-25, the total BTEX
concentration is below 1 ug/L, as observed at ST41-ES4A.

4.3.1.2 Total Fuel Carbon in Groundwater

Figure 4.2 is an isopleth map showing the distribution of total fuel carbon (analyzed
using RSKSOP-133) dissolved in groundwater in June 1994. Dissolved fuel carbon
contamination patterns describe a pattern very similar to the BTEX plume shown
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on Figure 4.1. Where detected, total fuel carbon concentrations range from 1.25 to
42,300 pg/L.

4.3.2 Inorganic Chemistry and Geochemical Indicators of Biodegradation

Microorganisms obtain energy for cell production and maintenance by facilitating the
transfer of electrons from electron donors to electron acceptors. This results in the
oxidation of the electron donor and the reduction of the electron acceptor. Electron
donors at Site ST41 are natural organic carbon and fuel hydrocarbon compounds. Fuel
hydrocarbons are completely degraded or detoxified if they are utilized as the primary
electron donor for microbial metabolism (Bouwer, 1992). Electron acceptors are
elements or compounds that occur in relatively oxidized states, and include oxygen,
nitrate, ferrous iron, sulfate, and carbon dioxide. Microorganisms preferentially utilize
electron acceptors while metabolizing fuel hydrocarbons (Bouwer, 1992). Under aerobic
conditions, DO is utilized first as the prime electron acceptor. After the DO is consumed,
anaerobic microorganisms use electron acceptors in the following order of preference:
nitrate, ferric iron hydroxide, sulfate, and finally carbon dioxide.

Depending on the types and concentrations of electron acceptors present (e.g., nitrate,
sulfate, carbon dioxide), pH conditions, and redox potential, anaerobic biodegradation
can occur by denitrification, ferric iron reduction, sulfate reduction, or methanogenesis.
Other, less common anaerobic degradation mechanisms such as manganese reduction
may dominate if the physical and chemical conditions in the subsurface favor use of these
electron acceptors. Anaerobic destruction of the BTEX compounds is associated with the
accumulation of fatty acids, production of methane, solubilization of iron, and reduction
of nitrate and sulfate (Cozzarelli et al, 1990; Wilson et al., 1990). Environmental
conditions and microbial competition will ultimately determine which processes will
dominate. Vroblesky and Chapelle (1994) show that the dominant terminal electron
accepting process can vary both temporally and spatially in an aquifer with fuel
hydrocarbon contamination.

DO data for Site ST41 suggest that aerobic biodegradation of hydrocarbons is
occurring. In addition, Site ST41 groundwater data for electron acceptors such as nitrate
and sulfate also suggest that intrinsic remediation of hydrocarbons in the shallow aquifer
by denitrification and sulfate reduction is occurring. Data for ferrous iron (Fe2+) and
methane also suggest that anaerobic degradation via ferric iron reduction and
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methanogenesis is occurring. Further indication of intrinsic remediation is provided by
results of volatile fatty acids analyses performed on select groundwater samples.
Geochemical parameters for Site ST4]1 groundwater are discussed in the following

sections.

4.3.2.1 Dissolved Oxygen

DO concentrations were measured at monitoring wells in June 1994. Table 4.4
summarizes DO concentrations, and Figure 4.3 is an isopleth map showing the
distribution of DO concentrations in groundwater. Comparison of Figures 4.1 and 4.3
shows graphically that areas with elevated total BTEX concentrations correlate with areas
with depleted DO concentrations. This is an indication that aerobic biodegradation of the
BTEX compounds is occurring at the site. Based on the background DO levels measured
at the site (up to 12.6 mg/L outside of the BTEX plume), it appears that DO is an
important electron acceptor in Site ST41 vicinity.

The following equations describe the overall stoichiometry of aromatic hydrocarbon
mineralization caused by aerobic microbial biodegradation. In the absence of microbial
cell production, the oxidation (mineralization) of benzene to carbon dioxide and water is

given by:
C¢Hg + 7.50, = 6CO, + 3H,0

Therefore, 7.5 moles of oxygen are required to metabolize 1 mole of benzene. On a mass

basis, the ratio of oxygen to benzene is given by:

Benzene 6(12) +6(1) =78 gm
Oxygen 7.5(32) =240 gm

Mass Ratio of Oxygen to Benzene = 240/78 = 3.08:1

Therefore, in the absence of microbial cell production, 3.08 mg of oxygen are required to

completely metabolize 1 mg of benzene.

Similar calculations can be completed for toluene (3.13 mg oxygen to 1 mg toluene).
ethylbenzene (3.17 mg oxygen to 1 mg ethylbenzene), and the xylenes (3.17 mg oxygen
to 1 mg xylene). The average mass ratio of oxygen to total BTEX is thus 3.14:1. This
means that approximately 0.32 mg of BTEX is mineralized for every 1.0 mg of DO
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consumed. With a possible background DO concentration of up to approximately
12.6 mg/L, the shallow groundwater at this site has the capacity to assimilate 4.03 mg/L
(4,030 ng/L) of total BTEX through aerobic biodegradation. This is a conservative
estimate of the assimilative capacity of DO because microbial cell mass production was
not taken into account by the stoichiometry shown above.

When cell mass production is accounted for, the mineralization of benzene to carbon
dioxide and water is given by:
Ce¢Hg +2.50, + HCO; + NH; —» C:H,0,N +2CO, + 2H,0

From this it can be seen that only 2.5 moles of DO are required to mineralize 1 mole
of benzene when cell mass production is taken into account. On a mass basis, the ratio of
DO to benzene is given by:

Benzene 6(12) + 1(6) =78 gm
Oxygen 2.5(32)= 80 gm

Mass Ratio of Oxygen to Benzene = 80/78 = 1.03:1

Based on these stoichiometric relationships, 1.03 mg of oxygen are required to
mineralize 1 mg of benzene. Similar calculations can be made for toluene, ethylbenzene,
and the xylenes. Based on these calculations, approximately 0.97 mg of BTEX is
mineralized to carbon dioxide and water for every 1.0 mg of DO consumed. With a
background DO concentration of approximately 12.6 mg/L, the shallow groundwater at
this site has the capacity to assimilate 12.2 mg/L (12,200 ug/L) of total BTE™ if

microbial cell mass production is taken into account.

4.3.2.2 Nitrate/Nitrite

Concentrations of nitrate + nitrite [as nitrogen (N)] were measured at groundwater
monitoring wells in June 1994. Nitrate concentrations at the site range from <0.5 mg/L to
61.4 mg/L. Table 4.4 summarizes measured nitrate and nitrite (as N) concentrations.
Figure 4.4 is an isopleth map showing the distribution of nitrate + nitrite (as N) in
groundwater in June 1994. Comparison of this figure with Figure 4.1 shows graphically
that areas with elevated total BTEX concentrations have depleted nitrate + nitrite
concentrations. Comparison of Figures 4.3 and 4.4 shows graphically that areas with
depleted DO concentrations also have depleted nitrate + nitrite concentrations. These
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relationships provide strong evidence that anaerobic biodegradation of the BTEX
compounds is occurring at the site through the microbially mediated process of

denitrification.

In the absence of microbial cell production, the biodegradation of benzene via

denitrification to carbon dioxide and water is given by:
6NO; + 6H™ + CgHg — 6COy ) + 6H,0 + 3Ny,

Based on this relationship, 6 moles of nitrate are required to mineralize 1 mole of

benzene. On a mass basis, the ratio of nitrate to benzene is given by:

Benzene 6(12) + 6(1)=78 gm
Nitrate 6(62) =372 gm

Mass ratio of nitrate to benzene = 372/78 =4.77:1

In the absence of microbial cell production, 4.77 mg of nitrate are required to
completely mineralize 1 mg of benzene. Similar calculations can be completed for
toluene (4.85 mg nitrate to 1 mg toluene), ethylbenzene (4.92 mg nitrate to 1 mg
ethylbenzene), and the xylenes (4.92 mg nitrate to 1 mg xylene). The average mass ratio
of nitrate consumed to total BTEX degraded is 4.9:1. This means that approximately
0.20 mg of BTEX is mineralized for every 1.0 mg of nitrate consumed. With a maximum
observed nitrate concentration of approximately 61.4 mg/L, the shallow groundwater at
this site has the capacity to assimilate 12.3 mg/L (12,300 pg/L) of total BTEX during
denitrification. This is a conservative estimate of the assimilative capacity of nitrate
because microbial cell mass production has not been taken into account by the
stoichiometry shown above (see Section 4.3.2.1).

4.3.2.3 Ferrous Iron

Ferrous iron (Fe2+) concentrations were measured at groundwater monitoring wells in
June 1994. Table 4.4 summarizes ferrous iron concentrations. Figure 4.5 is an isopleth
map showing the distribution of ferrous iron in groundwater. Comparison of
Figures 4.5 and 4.1 shows graphically that most of the area with elevated total BTEX
concentrations has elevated ferrous iron concentrations. This suggests that ferric iron
hydroxide (Fe3+) is being reduced to ferrous iron during biodegradation of BTEX
compounds. The highest measured ferrous iron concentration, 40.5 mg/L, was observed
at ST41-16, which is also the location with the highest total BTEX concentration.
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Background levels of ferrous iron are generally at or below the detection limit of
0.05 mg/L, as measured at wells with little or no known BTEX contamination.

The following equations describe the overall stoichiometry of benzene oxidation by
iron reduction caused by anaerobic microbial biodegradation. In the absence of microbial
cell production, the mineralization of berizene is given by:

60H" + 30Fe(OH), , + C4Hg — 6CO, + 30Fe” + 78H,0

Therefore, 30 moles of ferric iron are required to metabolize 1 mole of benzene. On a

mass basis, the ratio of ferric iron to benzene is given by:

Benzene 6(12) +6(1)=78 gm
Ferric fron 30(106.85) = 3205.41 gm

Mass ratic of ferric iron to benzene = 3205.41/78 = 41.1:1

Therefore, in the absence of microbial cell production, 41.1 mg of ferric iron are required
to completely metabolize 1 mg of benzene. Alternatively, the mass ratio of ferrous iron

produced during respiration to benzene degraded can be calculated and is given by:

Benzene 6(12)+ 6(1) =78 gm
Ferrous Iron 30(55.85)=1675.5 gm

Mass ratio of ferrous iron to benzene = 1675.5/78 =21.5:1

Therefore, 21.5 mg of ferrous iron are produced during mineralization of 1 mg of

benzene.

Similar calculations can be completed for toluene (21.86 mg of Fe*' produced during
mineralization of 1 mg of toluene), ethylbenzene (22 mg of Fe? produced during
mineralization of 1 mg of ethylbenzene), and the xylenes (22 mg of F e’ produced during
mineralization of 1 mg of xylene). The average mass ratio of Fe* produced during total
BTEX mineralization is thus 21.8:1. This means that approximately 1 mg of BTEX is
mineralized for every 21.8mg of Fe’' produced. The highest measured Fe’'
concentration was 40.5 mg/L. This suggests that the shallow groundwater at this site has
the capacity to assimilate 1.86 mg/L (1,860 ng/L) of total BTEX during iron reduction.
This is a conservative estimate of the assimilative capacity of iron because microbial cell

mass production has not been taken into account by the stoichiometry shown above (see

4-19
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Section4.3.2.1).  In addition. this calculation is based on observed ferrous iron
concentrations and not on the amount of ferric hydroxide available in the aquifer.

Therefore, the iron assimilative capacity of site groundwater could be much higher.

Recent cvidence suggests that the reduction of ferric iron to ferrous iror cannot
proceed at all without microbial mediation (Lovley and Phillips. 1988: Loviey er al.
1991; Chapelle, 16,3). None of the common organic compounds found in low-
temperature, neutral, reducing groundwater could reduce ferric oxyhydroxides to ferrous
iron under sterile laboratory conditions (Lovley et al, 1991). This means that the
reduction of ferric iron requires microbial mediation by microorganisms with the
appropriate enzymatic capabilities. Because the reduction of ferric iron cannot proceed
without microbial intervention, the elevated concentrations of ferrous iron that were
measured in the contaminated groundwater at Site ST41 are the strongest indicators of

microbial activity.

4.3.2.4 Sulfate

Sulfate concentrations were measured at groundwater monitoring wells in June 1994.
Sulfate concentrations at Site ST41 range from <0.05 mg/L to 59.3 mg/l.. Table 4.4
summarizes measured sulfate concentrations. Figure 4.6 is an isopleth map showing the
distribution of sulfate in groundwater in June 1994. Comnparison of Figures 4.6 and 4.1
shows graphically that areas with elevated total BTEX concentrations have depleted
sulfate concentrations. This is a strong indication that anaerobic biodegradation of BTEX
compounds is occurring at the site through the microbially mediated process of sulfate

reduction.

The following equations describe the overall stoichiometry of BTEX oxidation by
sulfate reduction caused by anaerobic microbial biodegradation. In the absence of

microbial cell production, the biodegradation of benzene is given by:

7.5H" +3.75S0,% + CgHg = 6COy + 3.75H,S8" + 3H;0

Therefore, 3.75 moles of sulfate are required to mineralize 1 mole of benzene. On a mass

basis, the ratio of sulfate to tenzene is given by:

Benzene 6(12) + 6(1) =78 ¢gm
Sulfate 3.75(96) = 360 ¢gm
Mass ratio of sulfate to benzene = 360/78 = 4.6:1
4-20
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Therefore, in the absence of microbial cell production, 4.6 mg of sulfate are required
to completely mineralize 1 mg of benzene. Similar calculations can be completed for
toluene (4.7 mg sulfate to 1 mg toluene). ethylbenzene (4.75 mg sulfate to 1 mg
ethylbenzene), and the xylenes (4.75 mg sulfate to 1 mg xylene). The average mass ratio
of sulfate to total BTEX is thus 4.7:1. This means that approximately 0.21 mg of BTEX
is mineralized for every 1.0 mg of sulfate consumed. Assuming a background sulfate
concentration of 59.3 mg/L, the shallow groundwater at this site has the capacity to
assimilate 12.4 mg/L (12,400 pg/L) of total BTEX during sulfate reduction. Again, this
1S a conservative estimate of the assimilative capacity of sulfate because microbial cell
mass production has not been taken into account by the stoichiometry shown above (see
Section 4.3.2.1).

4.3.2.5 Methane in Groundwater

Methane concentrations were measured at groundwater monitoring wells in June 1994.
Table 4.4 summarizes methane concentrations. Figure 4.7 is an isopleth map showing the
distribution of methane in groundwater. Comparison of Figures 4.1 and 4.7 shows
graphically that areas with elevated total BTEX concentrations correlate with elevated
methane concentrations. This is a strong indication that anaerobic biodegradation of the
BTEX compounds is occurring at the site. This is consistent with other electron acceptor
data for this site, with the area having elevated methane concentrations corresponding
with the areas with depleted DO, nitrate. and sulfate concentrations and elevated ferrous

iron concentrations.

Methane concentrations ranged from <0.001 mg/L to 1.481 mg/L. Background levels
of methane at wells outside areas with known BTEX contamination are below 0.01 mg/L.
Samples collected from monitoring wells located near the area with the highest BTEX
concentrations contain the highest methane concentrations. In these locations, methane
concentrations range from about 0.046 to 1.481 mg/L.  The highest methane
concentration observed at the site was in ST41-ES2, with significantly elevated
concentrations also present in wells ST41-07, ST41-W-7, ST41-16, ST41-25, and ST41-
29,

The following equations describe the overall stoichiometry of benzene oxidation by
methanogenesis. In the absence of microbial cell production, the mineralization of
benzene is given by:
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C(H, + 4.5H.0 — 2.25CO, + 3.75CH,

The mass ratio of methane produced during respiration to benzene degraded can be

calculated and is given by:

Benzene 6(12) +6(1)=78 gm
Methane 3.75(16) = 60 gm

Mass ratio of methane to benzene = 60/78 = 0.77:1
Therefore, 0.77 mg of methane is produced during mineralization of 1 mg of benzene.

Similar calculations can be completed for toluene (0.78 mg of methane produced
during mineralization of 1 mg of toluene), ethylbenzene (0.79 mg of methane produced
during mineralization of 1 mg of ethylbenzene), and the xylenes (0.79 mg of methane
produced during mineralization of 1 mg of xylene). The average mass ratio of methane
produced during total BTEX mineralization is thus 0.78:1. This means that
approximately 1 mg of BTEX is mineralized for every 0.78 mg of methane produced.
The highest measured methane concentration was 1.481 mg/L. This suggests that the
shallow groundwater at this site has the capacity to assimilate up to 1.9 mg/L
(1,900 pg/L) of total BTEX during methanogenesis. Again, this is a conservative
estimate of the assimilative capacity of methanogenesis because microbial cell mass
production is not taken into account by the stoichiometry shown above (see
Section 4.3.2.1).  Moreover, these calculations are based on observed methane
concentrations and not on the amount of carbon dioxide available in the aquifer.

Therefore, methanogenic assimilative capacity could be much higher.

4.3.2.6 Reduction/Oxidation Potential

Redox potentials were measured at groundwater monitoring wells in June 1994.
Redox potential is a measure of the relative tendency of a solution to accept or transfer
electrons. The redox potential of a groundwater system depends on which electron
acceptor is being reduced by microbes during BTEX oxidation. The redox potential at
Site ST41 ranges from 2581 millivolts (mV) to -53 mV. Table 4.4 summarizes available
redox potential data. Figure 4.8 is a map that graphically illustrates the distribution of
redox potentials. Redox is decreased to values below 0 mV in the vicinity of the plume
center. As expected, areas at the site with low redox potentials appear to coincide with
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areas of high BTEX contamination, low DO, nitrate, and sulfate concentrations, and
elevated ferrous iron and methane concentrations (compare Figure 4.8 with Figures 4.1,
43.44,4.5,46,and 4.7).

4.3.2.7 Volatile Fatty Acids

At ST41-16 and ST41-25, USEPA researchers collected samples for volatile fatty
acids cnalysis. This test is a GC/MS method wherein the samples are compared to a
standard mixture containing 13 phenols, 25 aliphatic acids, and 19 aromatic acids.
Compounds in the standard mixture are generally associated with microbial processes

that break down petroleum hydrocarbons.

USEPA researchers reported that the sample from ST41-16 contained 43 of the 57
compounds in the standard mixture, and that the chromatogram for the sample from
ST41-25 was similar. In both samples, benzoic acid was the compound with the greatest
detected concentrations. Jacobs Engineering Group (1994b) also reported detections of
benzoic acid at ST41-16 during previous sampling rounds. USEPA correspondence

regarding these analyses is presented along with analytical results in Appendix B.

4.3.2.8 Alkalinity

Total alkalinity (as calcium carbonate) was measured at groundwater monitoring wells
in June 1994. These measurements are summarized in Table 4.4. Alkalinity is a measure
of a groundwater’s ability to buffer changes in pH caused by the addition of biologically
generated acids. Total alkalinity at the site is in the low to moderate range for
groundwater, varying from 47 mg/L at ST41-ES5A to 1210 mg/L at ST41-16. This
amount of alkalinity should be sufficient to buffer potential changes in pH caused by

biologically mediated BTEX oxidation reactions.

4329 pi

pH was measured at groundwater monitoring points and existing monitoring wells in
June 1994. These measurements are summarized in Table 4.4. The pH of a solution is
the negative logarithm of the hydrogen ion concentration [H']. Groundwater pH at Site
ST41 ranges from 6.3 to 7.9. This range of pH is within the optimal range for BTEX-
degrading microbes.
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4.3.2.10 Temperature

Groundwater temperature was measured at groundwater monitoring points and
existing monitoring wells in June 1994. Table 4.4 summarizes groundwater temperature
readings. Temperature affects the types and growth rates of bacteria that can be
supported in the groundwater environment, with higher temperatures generally resulting
in higher growth rates. Temperatures in the shallow aquifer varied from 4.1 degrees
Celsius (°C) to 11.7°C.

4.3.3 Expressed Assimilative Capacity

The data presented in the preceding sections suggest that mineralization of BTEX
compounds is occurring through the microbially mediated processes of aerobic
respiration. denitrification, iron and sulfate reduction. and methanogenesis. Based on the
stoichiometry presented in these sections, the expressed BTEX assimilative capacity of
groundwater at Site ST41 is at least 32,490 pug/L (Table 4.5). The calculations presented
in the earlier sections are conservative because they do not account for microbial cell
mass production. In addition. the measured concentrations of ferrous iron and methane

may not be the maximum achievable.

The highest observed dissolved total BTEX concentration observed at the site was
43,280 ng/L, at ST41-16. As indicated in Section 4.3.1.1. that concentration may be
unrealistically high due to sample emulsification. A maximum dissolved phase BTEX
concentration of 30.000 pg/L. may be more likely, based on previous studies of BTEX
partitioning (Smith ez a/.. 1981) and on partitioning calculations utilizing composition
data for the mobile LNAPL found in well ST41-16. Based on the calculations presented
in the preceding sections, and on site observations, groundwater at Site ST41 has
sufficient assimilative capacity to degrade the observed dissolved BTEX and limit plume

migration.
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TABLE 4.5

EXPRESSED ASSIMILATIVE CAPACITY OF SITE GROUNDWATER
SITE ST41 INTRINSIC REMEDIATION TS

ELMENDORF AFB, ALASKA
Electron Acceptor or Process Expre§se_d BTEX
Assimilative
Capacity (ug/L)

Dissolved Oxygen 4,030
Nitrate 12,300
Iron Reduction 1.860
Sulfate 12,400
Methanogenesis 1,900
Expressed Assimilative Capacity 32,490
Highest Observed Total BTEX Concentration, June 1994 43,280°
Highest Likely Total BTEX Concentration (Based on 30,600
Partitioning Calculations)

¥ Concentration may be a result of emulsification during sampling.
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SECTION §

GROUNDWATER MODEL

5.1 GENERAL OVERVIEW AND MODEL DESCRIPTION

In order to help estimate degradation rates for dissolved BTEX compounds at Site
ST41 and to help predict the future migration of these compounds, Parsons ES modeled
the fate and transport of the dissolved BTEX plume. The modeling effort had three
primary objectives: 1)to predict the future extent and concentration of the dissolved
contaminant plume by modeling the combined effects of advection, dispersion, sorption,
and biodegradation; 2) to assess the possible risk to potential downgradient receptors; and
3) to provide technical support for the natural attenuation remedial option at post-
modeling regulatory negotiations. The model was developed using site-specific data and
conservative assumptions about governing physical and chemical processes. Due to the
conservative nature of the model input. the reduction in contaminant mass resulting from
the process of natural attenuation is expected to exceed model predictions. This analysis
is not intended to represent a baseline assessment of potential risks posed by site

contamination.

The Bioplume II code was used to estimate the potential for dissolved BTEX
migration and degradation by naturally occurring mechanisms operating at Site ST41.
The Bioplume II model incorporates advection, dispersion, sorption, and biodegradation
to simulate contaminant plume migration and degradation. The mode! is based upon the
USGS Method of Characteristics (MOC) two-dimensional (2-D) solute transport model
of Konikow and Bredehoeft (1978). The model was modified by researchers at Rice
University to include a biodegradation component that is activated by a superimposed
DO plume. Based on the work of Borden and Bedient (1986), the model assumes a
reaction between DO and BTEX that is instantaneous relative to the advective
groundwater velocity. Bioplume Il solves the USGS 2-D solute transport equation twice,
once for hydrocarbon concentrations in the aquifer and once for a DO plume. The two
plumes are combined using superposition at every particle move to simulate the

instantaneous, biologically-mediated, reaction between hydrocarbons and oxygen.
5-1
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In recent years it has become apparent that anaerobic processes such as denitrification.
iron reduction, sulfate reduction, and methanogenesis can be important BTEX
degradation mechanisms (Grbic'-Galic’, [990; Beller et al., 1992, Edwards e¢r al . 1992;
Edwards and Grbic'-Galic’, 1992, Grbic'-Galic” and Vogel, 1987; Lovley er al., 1989;
Hutchins, 1991). Because there i1s geochemical evidence that anaerobic biodegradation
processes are occurring at Site ST41, these processes were accounted for during
Bioplume !l modeling using a first-order anaerobic decay coefficient. The following
subsections discuss in more detail the model setup, input parameters and assumptions,

model calibration, and simulation results.

5.2 CONCEPTUAL MODEL DESIGN AND ASSUMPTIONS

Prior to developing a groundwater model, it is important to determine if sufficient data
are available to provide a reasonable estimate of aquifer conditions. In addition, it is
important to ensure that any limiting assumptions can be justified. The most important
assumption made when using the Bioplumell model is that oxygen-limited
biodegradation is occurring at the site. The Bioplume II model assumes that the limiting
factors for biodegradation are: 1) ihe presence of an indigenous hydrocarbon degrading
microbial population, and 2) sufficient background electron acceptor concentrations.
Data and information presented in Sections 3 and 4 suggest that oxygen. nitrate, ferric
hydroxide, sulfate, and carbon dioxide (methanogenesis) are being used as electron

acceptors for aerobic and anaerobic biodegradation.

Based on the data presented in Section 3, the shallow saturated zone was
conceptualized and modeled as a shallow unconfined aquifer composed of silty sand
(Figures 3.3 and 3.4). The use of a 2-D model is appropriate at Site ST41 because the
saturated interval is relatively homogenous, and the local flow system. as defined by
gradients and the basal confining unit, will likely prevent significant downward vertical
migration of dissolved BTEX contamination. Existing evidence suggests the presence of
mobile LNAPL downgradient of Tank 601. In addition, contaminated soils at the site
have not been remediated. As a result, model simulations included continuing sources of

dissolved BTEX contamination.
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5.3 INITIAL MODEL SETUP

Where possible, the initial setup for this model was based on site data. Where site-
specific data were not available (e.g., effective porosity), reasonable assumptions for the
types of materials comprising the shallow aquifer were made based on widely accepted
literature values. The following sections describe the basic model setup. Those Bioplume
Il model parameters that were varied during model calibration are discussed in Section
5.4.

5.3.1 Grid Design and Boundary Conditions

The maximum grid size for the Bioplume II model is limited to 20 columns by 30
rows. The dimension of each column and row can range from 0.1 to 999.9 feet. A 20- by
20-cell grid was used to model Site ST41. Each grid cell was 100 feet long by 75 feet
wide. The grid was oriented so that the longest dimension was parallel to the overall
direction of groundwater flow. The model grid covers an area of 2.28 million square feet,

or approximately 52 acres. The full extent of the model grid is indicated on Figure 5.1.

Model boundaries are mathematical statements that represent hydrogeologic
boundaries, such as areas of specified head (e.g., surface water bodies or contour lines of
constant hydraulic head) or specified flux. Hydrogeologic boundaries are represented by
three mathematical statements that describe the hydraulic head at the model boundaries.

These include:

e Specified-head boundaries (Dirichlet condition) for which the head is
determined as a function of location and time only. Surface water bodies
exhibit constant head conditions. Specified-head boundaries are expressed

mathematically as:
Head = f(x,y,z,1)
where f is the function symbol, x, y, and z are position coordinates, and ! is time.

e Specified-flow boundaries (Neumann conditions) for which the mathematical
description of the flux across the boundary is given. The flux is defined as a
volumetric flow rate per unit area (e.g., ft3/ft2/day). No-flow boundaries are a
special type of specified flow boundary and are set by specifying the flux to be

zero. Examples of no-flow boundaries include groundwater divides and
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impermeable hydrostratigraphic units. Specified-flux boundaries are expressed

mathematically as:
Flux = f(x,y,2,1)

e 3) Head-dependent flow boundaries (Cauchy or mixed-boundary conditions)
where the flux across the boundary is calculated from a given boundary head
value. This type of flow boundary is sometimes referred to as a mixed-
boundary condition because it is a combination of a specified-head boundary
and a specified-flow boundary. Head-dependent flow boundaries are used to
mode! leakage across semipermeable boundaries. Head-dependent flow

boundaries are expressed mathematically as (Bear, 1979):

(#,- H)X'
Bl
Where: H = Head in the zone being modeled (generally the zone

Flux =

containing the contaminant plume)

Hy = Head in external zone (separated from plume by
semipermeable layer)

K’ = Hydraulic conductivity of semipermeable layer

B’ = Thickness of semipermeable layer.

Natural hydraulic boundaries are modeled using a combination of the three types of
model boundary conditions listed above. When possible, hydrologic boundaries such as
surface water bodies, groundwater divides, contour lines, or hydrologic barriers should
coincide with the perimeter of the model. In areas lacking obvious hydrologic
boundaries, specified-head or specified-flux boundaries can be specified at the model
perimeter if the boundaries aie far enough removed from the contaminant plume that
transport calculations are not affected. Bioplume II requires the entire model domain to
be bounded by zero-flux cells {also known as no-flow cells), with other boundary
conditions established within the subdomain specified by the no-flow cells.

Specified-head boundaries for the model were set on the northern and southern
perimeter of the model grid to simulate groundwater flow to the south as observed at the
site. The western portion of the northern boundary was set in the approximate location of
the divergent groundwater divide. The remaining specified-head boundaries were set in
the approximate location of the water table indicated by water level data. The head of the

northeastern boundary was estimated to be from 233 to 249 feet above msl. The
5-5
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southwestern model boundary was defined by the assumed downgradient position of the
175-foot water table contour. The location of this contour was estimated from available
water table elevation and flow gradient data. These constant-head cells were placed as far
away from the BTEX plume as possible to avoid potential boundary interferences.
However, the plume is close to the groundwater divide, so the northern boundary is

relatively close to the plume.

The eastern and western model boundaries were configured as no-flow (specified flux)
boundaries. In this case, the flux through these boundaries is assumed to be zero because
{low is generally parallel to these boundaries. The base or lower boundary of the model
is also assumed to be no-flow, and is defined by the upper surface of the confining
Bootlegger Cove Formation. The upper model boundary is defined by the simulated

water table surface.

5.3.2 Groundwater Elevation and Gradient

The water table elevation map presented in Figure 3.5 was used to define the starting
heads input into the Bioplume II model. Groundwater flow in the vicinity of Site ST41 is
to the south with an average gradient of approximately 0.05 ft/ft over the total extent of
the modeled area. Data quantifying seasonal variations in groundwater flow direction
and gradient at the site are presented by Jacobs Engineering Group (1994a). These data
suggest that there are no significant seasonal variations in groundwater flow direction.
and that seasonal gradients consistently vary around the average of approximately
0.05 ft/ft. As a result, it was assumed that the observed water levels were representative
of steady-state conditions. As described in Section 5.4.1. the model was calibrated to the

observed water table.

5.3.3 BTEX Concentrations

The total dissolved BTEX concentrations obtained from laboratory analytical results
for each well location were used for model development. At well nests, the highest
BTEX concentration observed at that location was used as the representative
concentrations. Table 4.3 presents dissolved BTEX concentration data. Figure 4.1 shows
the spatial distribution of dissolved BTEX compounds in June 1994.

5-6
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The BTEX plume observed in June 1994 covers an arca of approximately
236,000 square feet (5.4 acres). The shape and distribution of the total BTEX plume is
the result o: advective-dispersive transport, sorption. and biodegradation of dissolved
BTEX contamination. As described in Section 5.4.2, the simulated BTEX plume was
calibrated to match the observed BTEX plume.

5.3.4 Dissolved Oxygen

As discussed previously, the Bioplume II model assumes an instantaneous reaction
between the BTEX plume and the DO plume. The discussion presented in Section 4
suggests that DO, nitrate, ferric iron, sulfate and carbon dioxide (methanogenesis) are
being used as electron acceptors for biodegradation of BTEX compounds at Site ST41.
To be conservative, the total BTEX plume at the site was modeled assuming that DO was
the only electron acceptor being utilized for the biodegradation of BTEX compounds at a

rate that is instantaneous relative to the advective groundwater flow velocity.

Groundwater samples collected in uncontaminated portions of the aquifer suggest that
background DO concentrations at the site range from 5 to 12.6 mg/L. Therefore. to be
conservative, background oxygen levels were assumed to be 6 mg/L (near the low end of
the observed range of background DO concentrations) for Bioplume Il model
development. Table 4.4 contains DO data for the site. Figure 4.3 is a DO isopleth map.

The upgradient specified-head cells in the Bioplume II model require background DO
concentrations to be input as constant concentrations to simulate incoming electron

acceptors. To be conservative, a DO concentration of 6.0 mg/L was used for these cells.

5.3.5 Anaerobic Degradation Rates

In order to calculate anaerobic rate constants, the apparent degradation rate must be
normalized for the effects of dilution caused by advective-dispersive processes. This is
accomplished by normalizing the concentration of each contaminant to the concentration
of a component of jet fuel or AVGAS (a tracer) that has similar sorptive properties but
that is fairly recalcitrant. Observed concentration data can be normalized to 1,3,5-TMB.
1,2,4-TMB, and 1,2,3-TMB or another tracer with similar physiochemical properties.
The TMB suite serves as a good tracer because it is known to be recalcitrant to microbial

5-7
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degradation under anaerobic conditions, and has sorptive properties similar to the BTEX

compounds (Cozzarelli er al., 1990, and Cozzarelli et al.. 1994).

Anaerobic rate constants were calculated based on BTEX and TMB data from
June 1994 (presented in Table 4.3). Rate constant calculations are included in Appendix
C. Calculated rate constants for Site ST4! range from 0.003 day'l to 0.03 day“. A
review of recent literature indicates that similar rate constants have been observed at other
sites. For example, Chapelle (1994) reported that at two different sites with anaerobic
conditions, the anaerobic rate constants were both approximately 0.01 day”. Wilson er
al. (1994) report first-order anaerobic biodegradation rates of 0.05 to 1.3 week™* (0.007 to
0.185 day™). Stauffer et al. (1994) report rate constants of 0.01 day”' and 0.018 day”' for

benzene and p-xylene, respectively.

Based on the site-specific calculations and the literature values, an anaerobic rate
constant of 0.005 day”' was originally used in the Bioplume II model. This value was
selected because it is in the lower range of the site-specific values and is more

conservative than the range of the values reported in the literature.

5.4 MODEL CALIBRATION

Model calibration is an important component in the development of any numerical
groundwater model. Calibration of the flow model demonstrates that the model is
capable of matching hydraulic conditions observed at the site; calibraon of a
contaminant transport model superimposed upon the calibrated flow model helps verity
that contaminant loading and transport conditions are being appropriately simulated. The
numerical flow model presented herein was calibrated by altering transmissivity in a trial-
and-error fashion until simulated heads approximated observed field values within a
prescribed accuracy. After calibration of the flow model, the numerical transport model
was calibrated by altering hydraulic parameters and transport parameters in a trial-and-
error fashion until the simulated BTEX plume approximated observed field values.
Table 5.1 lists input parameters used for the modeling effort. Model input and output is

included in Appendix D.

5-8
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TABLE 5.1

BIOPLUME 11 MODEL INPUT PARAMETERS
SITE ST41 INTRINSIC REMEDIATION TS

ELMENDORF AFB, ALASKA
e »
Model Runs
e —r A N
Parameter Description Calibrated ST41A ST41B
Model Setup
[NTIM Max;mum number of time Sieps in 8 pumpIng period 10 10, 20 10, 1, 20
e NPMP Number of Pumping Periods i 2 13 »
NX Number of nodes in the X direction 20 20 0
NY Number of nodes in the Y direction 20 20 20
NPMAX Maximum number of Particles 3600 3600 3600
NPMAX=(NX-2)NY-2XNPTPND) + (Ns“}NPTPND) + 250
NPNT Time step interval for printing data 1 1 !
NITP Number of iteration parameters 7 7 7
NUMOBS Number of observation points 0 0 0
e ITMAX Maximum allowable number of iterations in ADIP * 200 200 200 >
NREC Number of pumping or injection wells 4 4 4
NPTPND Initial number of particles per node 9 9 9
NCODES Number of node identification codes 2 2 2
NPNTMV Particle movement interval (IMOV) 0 0 0
NPNTVL Option for printing computed velocities 2 2 2
) e ¢ NPNTD Option to print computed dispersion equation coefficients 0 0 0 »
NPDELC Optien to print computed changes in concentration 0 0 0
NPNCHV Option to punch velocity data 0 0 0
NREACT Option for biodegradation, retardation and decay | 1 I
PINT Pumping period ( years) 30 30,20 30,1.40
TOL Convergence criteria in ADIP 0.001 0.001 0.001
POROS Effective porosity 0.35 035 0.35
BETA Characteristic length (long. dispersivity; feet) 30 30 30
e S Storage Coefficient 0 (Steady- 0 0 .
State)
TIMX Time increment multiplier for transient flow - - -
TINIT Size of initial time siep (seconds) - - -
XDEL Width of finite difference cell in the x direction (feet) 75 75 75
YDEL Width of finite difference cell in the y direction (feet) 100 100 100
DLTRAT Ratio of transverse to longitudinal dispersivity 0.3 0.3 0.3
L CELDIS Maximum cell distance per particle move 05 05 0% »
ANFCTR Ratio of Tyy to Txx (1 = isotropic) 1 1 1
DK Distribution coefficient 0.191 0.191 0.19]
RHOB Bulk density of the solid (grams/cubic centimeter) 1.6 1.6 1.6
THALF Half-life of the solute - - -
DEC1 Anaerobic decay coefficient (day™) 0.004 0.004 0.004
DEC2 Reaeration coefficient (day ™) 0.002 0.002 0.002
L F Stoichiometric Ratio of Hydrocarbons to Oxygen 3.1 31 31 »
* Ns = Number of nodes that represent fluid sources (wells or constant head cells)
Y ADIP = Alternating-direction implicit procedure (subroutine for solving groundwater flow equation)
] ]
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5.4.1 Water Table Calibration

The shallow water table at Site ST41 was assumed to be influenced only by
continuous recharge and discharge at the constant-head cells established at the upgradient
and downgradient model boundaries. To be conservative, recharge of the aquifer through
rainfall (which would add water, thereby increasing dilution of the plume) was not
included in the model. Potential recharge by other sources was omitted because of a lack
of reliable data. Only the initial water levels at the constant-head cells and the
transmissivity values were varied to calibrate the water table surface. The model was

calibrated under steady-state conditions.

Hydraulic conductivity is an important aquifer characteristic that determines the ability
of the water-bearing strata to transmit groundwater. Transmissivity is the product of the
hydraulic conductivity and the thickness of the aquifer. An accurate estimate of hydraulic
conductivity is important to help quantify advective groundwater flow velocities and to
define the flushing potential of the aquifer and the quantity of electron-acceptor-charged
groundwater that is entering the site from upgradient locations. Based on the work of
Rifai er al. (1988), the Bioplume II model is particularly sensitive to variations in
hydraulic conductivity. Lower values of hydraulic conductivity result in a slower-
moving plume that degrades at a slower rate because less oxygen, nitrate, iron, sulfate,
and carbon dioxide is available for biodegradation. Higher values of hydraulic
conductivity result in a faster-moving plume that degrades faster because more electron

acceptors are available for biodegradation.

Saturated thickness data from previous reports, geologic logs, and water level
measurements were used in conjunction with the average hydraulic conductivity as
determined from slug tests performed by Parsons ES in 1994 (1.0 x 10 f/min to
8.0x 10> ft/min) and by Jacobs Engineering (1994b) in an earlier study (3.0 x 10" f/min
to 6x 107 ft/min) to estimate an initial uniform transmissivity for the entire model
domain. To better match heads in the model to observed values, the transmissivities were
progressively varied in blocks and rows until the simulated water levels for cells
corresponding to selected well locations matched the observed water levels as closely as
possible. Figuré 5.2 shows the calibrated water table. Calibrated mode! hydraulic
conductivities ranged from 3.3x 10°  foot per second (ft/sec) to
3.0x 10™ fsec (1.9 x 10™ f/min to 1.9 x 10™ f/min).

5-10
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Water level elevation data from cells associated with 16 monitoring well locations
were used to compare measured and simulated heads for calibration. The 16 selected cell
locations each contained one of the following wells: ST41-ES1. ST41-15. ST41-W7,
ST41-ES2, ST41-21, ST41-25, ST41-W8, ST41-ES3. ST41-ES4A, ST41-ES5SA, ST41-
29, ST41-26. ST41-MW37A, ST41-ES6A. ST41-ES7A. and ST41-ES8A.

The root mean squared (RMS) error is commonly used to express the . erage
difference between simulated and measured heads. RMS error is the average of the

squared differences between measured and simulated heads, and can be expressed as:

RMS=B g(hm -h) | 5

Where: n = the number of points where heads are being compared
h,, = measured head value
h, = simulated head value.

The RMS error between observed and calibrated values at the 16 comparison points
was 3.06 feet, which corresponds to a calibration error of 4.71 percent (water levels
dropped 70 feet over the length of the model grid). RMS error calculations are
summarized in Appendix C. A plot of measured vs. calibrated heads shows a random
distribution of points around a straight line, as shown in Appendix C. Deviation of points
from a straight line should be randomly distributed in such a plot of results from
computer simulations (Anderson and Woessner, 1992).

In solving the groundwater flow equation, Bioplume II establishes the water table
surface and calculates an overall hydraulic balance that accounts for the numerical
difference between flux into and out of the system. The hydraulic mass balance for the
calibrated model was excellent, with 99.7 percent of the water flux into and out of the
system being numerically accounted for (i.e., a 0.3-percent error). According to
Anderson and Woessner (1992), a mass balance error of around 1 percent is acceptable,
while Konikow (1978) indicates an error of less than 0.1 percent is ideal.

5.4.2 BTEX Plume Calibration

Model input parameters affecting the distribution and concentration of the simulated
BTEX plume were modified so that model predictions matched dissolved total BTEX

5-12
L:\45007\st4 1reptistd [ fint.doc

(»

o



FINAL

concentrations observed in June 1994. To do this, model runs were made using the
calibrated steadv-state hydraulic parameters coupled with the introduction of
contaminants. }  his site, the calibration also involved a time element. because spills
have been known to occur at the site since the early 1960s. As a result, the plume
calibration simulations were made with a time constraint of 30 years: in other words,
computed BTEX plume concentrations and configurations were compared to June 1994
data after 30 years of simulation time incorporating the introduction of contaminants into

the groundwater.

Because mobile and residual-phase LNAPL are present in the vicinity of the water
table at the site, it was necessary to include model injection wells to simulate partitioning
of BTEX compounds from the residual phase into the groundwater. The location of the
injection wells is shown on Figure 5.3. Locations of injection wells were based on the
known location of the mobile LNAPL phase. the extent of groundwater contamination
indicated on Figure 4.2. and the locations of the UST (Tank 601) and condensate drain

line that were known to have released fuel to the subsurface.

While the term “injection well” suggests contaminants are being introduced at a point.
Bioplume II assumes that contamination introduced at a well instantly equilibrates
throughout the entire cell in which the well is located. The injection rate for the cells was
set at 5 x 10” cubic foot per second (ft'/sec), a value low enough so that the flow
calibration and water balance was not affected. Relatively high BTEX concentrations
were injected in upgradient injection wells because of the low pumping rate and the
influx of oxygen introduced at the upgradient constant head cells. Replenishment of
oxygen quickly degraded BTEX concentrations at the head of the plume, which in turn
required larger injection concentrations of BTEX to produce observed BTEX contours.
Based on assumptions outlined in Section 5.3.4, it was assumed that the initial DO
concentration in the shallow aquifer was uniformly 6.0 mg/L, and that water with that DO
concentration would be continually introduced at the northern boundary.

Total BTEX injection concentrations were determined by varying the injection
concentration for the various wells until the modeled total BTEX plume approximated the
total BTEX plume observed in June 1994. By varying the injection well concentrations,
the coefficient of retardation, dispersivity, the anaerobic decay coefficient. and the
reaeration coefficient, the BTEX plume was calibrated reasonably well to the existing
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plume in terms of migration distance and BTEX concentrations in the source area. The

calibrated plume configuration is shown on Figure 5.4.

The calibrated model plume, while not identical to the observed BTEX plume. 1s very
similar. The downgradient extent of the computed 0-ug/L contour is similar to the
observed 1.0-pg/L contour, and the computed 1,000-pg/L BTEX contour is similar to the
1,000-ug/L contour interpreted from the observed concentrations. The area delineated by
the computed 1,000-ug/L. contour is greater than the area of the 1.000-pg/L contour
indicated by the observed concentrations. In addition, the computed 500-pg/L. BTEX
contour describes an area similar te that of the 100-pg/L contour interpreted from site
data.

The computed plume does not have concentrations as high as the concentration
observed at ST41-16 (43.280 pg/L). with a maximum simulated concentration of 17.700
ng/L computed for the cell containing ST41-16. However. the measurement at ST41-16
was made at a point. while the model is indicating a concentration that is averaged for the
entire model cell representing that area. Increasing the BTEX loading rates high enough
to produce concentrations over 25,000 pg/L in the source area resulted in a plume that
was much longer than the observed plume. In addition. the simulated 5.000-ug/L. and
10,000-pg/L contours are wider than the observed 1.0CU-ug/L contour in the area just
downgradient of Tank 601. As a result, the calibrated BTEX plume model is also
conservative because it assumes a greater initial BTEX mass than has been observed

during recent monitoring.

The “arm” of the observed BTEX plume that extends southwest to the vicinity of well
ST41-ES5B could not be reproduced. This is likely due to localized flow conditions that
could not be accurately reproduced in the model, due either to insufficient data or
limitations of the model set-up (i.e., representation of a heterogeneous continuous domain

with a discretized numerical model).

5.4.2.1 Discussion of Parameters Varied During Plume Calibration

As noted previously, the transport parameters varied during plume calibration were
dispersivity, the coefficient of retardation. the reaeration coefficient, and the anaerobic
decay coefficient. Those parameters were generally varied with intent of altering plume

migration so that the observed plume extent was reproduced. While these parameters
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were varied with this common intent, each had a slightly different impact on the size and

shape of the simulated plume.

5.4.2.1.1 Dispersivity

Much controversy surrounds the concepts of dispersion and dispersivity. Longitudinal
dispersivity values for sedimen:  nilar to those found at the site range from 0.1 to 200
feet (Walton, 1988). Longituc .spersivity was originally estimated as 18 feet, using
one-tenth (0.1) of the distance between Tank 601 and the longitudinal centroid of the
June 1994 plume (see Figure 4.1). Dispersivity estimation calculations are included in
Appendix C. Transverse dispersivity values generally are estimated as one-tenith (0.1) of
the longitudinal dispersivity values (Domenico and Schwartz, 1990).

During plume calibration, longitudinal dispersivity was raised to 30 feet from the
original estimate of 18 feet. This was done to prevent the computed plume from
extending too far downgradient (by dispersing BTEX at the margins of the plume so that
it degraded more rapidly) and also to help increase the lateral extent of the plume to better
match the observed extent. At the same time, the ratio of transverse dispersivity to
longitudinal dispersivity was increased to 0.3 (for the 'sons).

5.4.2.1.2 Anaerobic Decay Coefficient

As discussed in Section 5.3.5, the anaerobic decay coefficient "\ = originally estimated
to be 0.005 day". This value was varied slightly during plume c-'ibradon. with the
calibrated model incorporating a value of 0.004 day". This prevented tnhe plume froi
migrating too far in the calibration runs, and at the same time prevented contamina-:

concentrations in the center portion of the plume from being excessively high.

5.4.2.1.3 Coefficient of Retardation

Retardation of the BTEX compounds relative to the advective velocity of the
groundwater occurs when BTEX molecules are sorbed to the aquifer matrix. The
coefficients of retardation for the BTEX compounds were calculated based on measured
TOC concentrations in the soils in and near the saturated zone at the site an assumed bulk
density of 1.6 grams/cubic centimeter (Freeze and Cherry, 1979), and published values of
the soil sorption coefficient (K,.) for the BTEX compounds, as listed by Wiedemeier ef
al. (1995),. The results of these calculations are summarized in Table 5.2. To be
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conservative, the minimum range of retardation coefficients calculated for the BTEX
compounds (1.45 to 3.67) was used as a constraint for model input. The coefficient of
retardation originally used as model input was 1.26. The lower the assumed coefficient
of retardation, the farther the BTEX plume will migrate downgradient.

During plume calibration, the coefficient of retardation was gradually raised from the
initial value of 1.26 to a value of 1.9. As with dispersivity and the anaerobic decay
coefficient, this variable was altered in response to model predictions of BTEX

concentrations extending beyond the observed limits.

5.4.2.1.4 Reaeration Coefficient

The reaeration coefficient is a first-order rate constant used by Bioplume II to simulate
the replenishment of oxygen into the groundwater by soil-gas diffusion and rainwater
infiltration. A reaeration coefficient of 0.003 day'l was originally estimated, based on
other documented Bioplume modeling efforts (see, for example, Rifai et al., 1988). Use
of the reaeration coefficient is justified at this site because of the shallow water table and
the relatively high DO concentrations observed in site groundwater.

The reaeration coefficient had a significant effect on limiting plume migration, and
was also important in controlling the concentrations at the fringes of the plume. At its
originally estimated value of 0.003 day'l. the simulated plume did not extend as far as the
observed plume. This coefficient was reduced to 0.002 day'], and the calculated plume

extent was more realistic.

5.5 SENSITIVITY ANALYSIS

The purpose of the sensitivity analysis is to determine the effect of varying model
input parameters on model output. Based on the work of Rifai et al. (1988), the
Bioplume II model is most sensitive to changes in the coefficient of reaeration, the
coefficient of anaerobic decay, and the hydraulic conductivity of the media, and is less
sensitive to changes in the retardation factor, porosity, and dispersivity. Because the
porosity was not varied and the dispersivity was not significantly changed. the sensitivity
analysis was conducted by varying transmissivity, the reaeration coefficient, the
coefficient of retardation, and the coefficient of anaerobic decay.

5-19
L:\45007\s14 1 rept\st4 1 finl doc




FINAL

To perform the sensitivity analyses, an individual run of the plume calibration model
was made with the same input as the calibrated mcdel, except that one of the
aforementioned parameters was varied. The models were run for a 30-year period. just as

the original was, so that the independent effect of each variable could be assessed. As a
result, eight sensitivity runs of the calibrated model were made, with the following

variations:

1) Transmissivity uniformly increased by a factor of 5;

2) Transmissivity uniformly decreased by a factor of 5;

3) Coefficient of reaeration increased by a factor of 5;

4) Coefficient of reaeration decreased by a factor of 5;

5) Coefficient of anaerobic decay increased by a factor of 5:
6) Coefficient of anaerobic decay decreased by a factor of §;
7) Coefficient of retardation increased by a factor of 2; and
8) Cocfficient of retardation decreased by a factor of 2.

The results of the sensitivity analyses are shown graphically in Figures 5.5, 5.6. 5.7.
and 5.8. These figures display the modeled BTEX concentrations versus distance along
the centerline of the plume (in the ninth model column). This manner of displaying data
is useful because BTEX concentrations are highest in the ninth coiumn, the plume is
relatively symmetrical, and the plume migrates in a direction parallel to the model grid.
Furthermore, the figures allow easy visualization of the changes in BTEX concentration

caused by varying model input parameters.

The effects of varying transmissivity are shown by Figure 5.5. Uniformly increasing
the transmissivity by a factor of five increased the biodegradation rate of the plume such
that the maximum observed concentrations in the source cell area were only about
5,700 pg/L, compared to the calibrated maximum of 17,700 pg/L. In addition, the BTEX
plume extended all the way to the southern model boundary. The lower concentrations
result from the greater flux of water through the model area bringing a greater mass of
DO and other electron acceptors into contact with the plume. Because more electron
acceptors are available, biodegradation occurs more rapidly. Also, the faster groundwater
velocity produced by the higher transmissivity initially results in greater plume travel
rates and distances, further exposing the BTEX to oxygenated water. In contrast.
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decreasing the transmissivity by a factor of five slowed overall plume migration. which
shortened the plume and in turn caused an increase in maximum BTEX levels. Increased
BTEX concentrations in the plume area are caused by a reduction in the plume travel rate
and the amount of oxygen being brought into contact with the contaminants from

upgradient locations.

The effects of varying the reaeration coefficient are illustrated by Figure 5.6.
Increasing this parameter by a factor of five results in a much smaller plume with
maximu:.n BTEX concentrations less than one-half those of the calibrated plume. This is
a result of increased biodegradation. Conversely, decreasing the coefficient of reaeration
by a factor of five decreases biodegradation, increasing the length of the plume by 500
feet and increasing the computed maximum BTEX concentrations to approximately
23.000 pg/L.

Figure 5.7 shows the effects of varying the anaerobic decay coefficient. Increasing
this parameter by a factor of five results in rapid degradation of dissolved BTEX and
results in a very small plume. This dramatic reduction in contaminant mass is the result
of the large increase in the decay rate caused by increasing the coefficient, becuuse the
anaerobic decay coefficient is exponentiated in the equation expressing the decay rate
(see Section 5.3.5). Conversely. decreasing the anaerobic decay coefficient by a factor of
five greatly decreases the rate of degradation, resulting in a [arge increase of the
computed maximum BTEX concentration to approximately 29.000 pug/L accompanied by

an increase in plume length.

The effects of varying the coefficient of retardation (R) are shown on Figure 5.8.
Increasing R by a factor of 2 has a fairly significant effect on the contaminant
distribution. Due to the increase in sorption in the model. the maximum BTEX
concentration is approximately one-half that of the calibrated model, and the plume is
approximately 300 feet shorter than in the calibrated model. On the other hand,
decreasing R by a factor of two produces a plume that extends about 800 feet further
downgradient than the original model plume and has a much higher maximum
concentration. These results suggest that the R used for the calibrated simulation is

acceptable.

The results of the sensitivity analysis suggest that the calibrated model used for this
report is reasonable. The calibrated model is most sensitive to transmissivity and the

anaerobic decay coefficient, although the coefficient of retardation and the coefficient of
5-25
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reaeration are also important parameters. Increasing the anaerobic decay coefficient or
the transmissivity greatly diminishes the predicted BTEX concentrations. Lowering the
values of the anaerobic decay coefficient. the reaeration coefficient, and the coefficient of

retardation lengther.s the plume beyond distances indicated by site observations.

5.6 MODEL RESULTS

To predict fate and transport of dissolved BTEX compounds at Site ST41. three
Bioplume II simulations (ST41A, ST41C, and ST41D) were run under steady-state
conditions. The first simulation (a worst-case scenario) assumed that conditions that
produced the calibrated model continue (i.e., contamination continues to be introduced at
the same rate that produced the calibrated model). The second simulation assumed that
the IRA extraction system would operate for 5 years [as suggested in the RI/FS for OU2
(Jacobs, 1994b)], and that after wards, the BTEX loading rates would continue to be
reduced by weathering and biodegradation. The third simulation assumed that the IRA
would not continue to operate, and that weathering alone would reduce BTEX loading
rates. Complete input and output files are presented in Appendix D. Model results are

described in the following sections.

5.6.1 Continuation of Calibrated Conditions (Model ST41A)

Model ST41A was used to simulate the migration and biodegradation of the BTEX
plume assuming that the conditions that produced the calibrated model continue,
including a continuing source of dissolved BTEX compounds. This model was run as a
worst-case scenario. and to illustrate the ability of intrinsic remediation to limit plume
migration even if a continuing source of contamination is present. The calibrated
simulation was run to predict conditions up to 20 years beyond the original calibrated

model end time, or 20 years after 1994.

Figure 5.9 shows the plume after 2 years of simulation time. Modeled BTEX
concentrations rise slightly, to a maximum of 18,300 pg/L, and the plume (as defined by
the 0 pg/L isopleth) is approximately 250 feet longer than observed in June 1994. After 5
years of simulation time (Figure 5.10), the maximum simulated BTEX concentration is
19,000 pg/L, and the leading edge of the plume reaches approximately 350 feet farther
than observed in 1994. Beyond 5 years of simulation time the plume stabilizes, with a
configuration similar to that predicted for 2 years beyond 1994. Figure 5.11 shows the
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stabilized BTEX plume after 20 years of prediction time. After the plume stabilizes, the
maximum concentration (in the source area) varies in a cyclical fashion between 18,500
and 19,500 pg/L.

5.6.2 Source Reduction (Model ST41C)

Mobile LNAPL and groundwater recovery operations have been underway at Site
ST41 since October 1993. The system may operate for another 5 years and if so, it is
expected to significantly reduce contaminant loading in the source areas (Jacobs, 1994b).
To simulate these conditions, it was assumed that the IRA system would operate for
5 years to reduce the introduction of BTEX into the groundwater south of Tank 601 so
that after 5 years, the final loading rate was 30 percent of the original calibrated rate.
This assumes that the IRA will be able to facilitate removal of 70 percent of the BTEX
mass in the source area. This is assumption is comparable to (but slightly more
conservative than) the assumption made in the RI/FS (Jacobs, 1994b), namely that the
IRA would eliminate the sources of BTEX (i.e., LNAPL) at ST41 and allow natural
attenuation processes to reduce BTEX concentrations to below MCLs.

After that rapid reduction, the source loading rates were tapered off by 8 percent per
year to account for continued weathering and biodegradation of residual fuel
hydrocarbons the source area. Evidence on the rates of weathering and degradation of
residual LNAPL sources is scant; one study at Eglin AFB (Wiedemeier et al., 1995)
provided evidence that a S-year-old body of residual gasoline (formerly containing some
mobile LNAPL) was only capable of introducing a maximum of about 27 mg/L
(27.000 pg/L) of BTEX into the site groundwater. When such a source is fresh, it is
capable of introducing up to 130 mg/L of BTEX into groundwater (API, 1985; Cline et
al., 1991). Natural weathering and biodegradation mechanisms therefore decreased the
loading capability of the source by about 80 percent in 5 years, or over 15 percent per
year. With this evidence providing a reasonable upper bound to source degradation rates,
assuming an 8 percent per year reduction for the Site ST41 model is conservative. An
8 percent per year rate is equivalent to 0.0002 day™, or about 20 times slower than the
anaerobic decay rate for dissolved BTEX that was used in all of the model runs.

Model ST41C was run to predict conditions up to 30 years beyond those observed in
1994. Figure 5.12 shows the plume after 10 years of prediction time. The plume shrinks
considerably, and the maximum BTEX concentrations decreases to about 2,700 ug/L.
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For later prediction times. the plume continues to recede, and maximum concentrations
continue to decrease. For example, Figure 5.13 shows the BTEX plume predicted for 17
years after 1994. The plume is slightly shorter than shown in Figure 5.12, and the
maximum model BTEX concentration is approximately 1,700 pg/L. Figure 5.14 shows
that after 21 years, the plume front has receded further, and the maximum concentration
is approximately 750 pg/L. For simulation times of 22 years and greater, dissolved
BTEX concentrations in the model are all reduced to zero.

These results suggest that if the IRA is successful at decreasing contaminant loading
rates within the 5-year time frame indicated in the RI/FS (Jacobs, 1994b), dissolved
BTEX concentrations should be below MCLs in 21 to 22 years. The time at which
concentrations of individual compounds decrease below MCLs will depend on the
efficiency of the IRA system, the fraction of each compound present in the plume, and
the behavior of each compound in the hydrogeological and microbiological environment
present at ST41.

5.6.3 Weathering Source (Model ST41D)

It is possible that the IRA will not remain in operation. Model ST41D was run to
simulate the fate of the plume with only natural weathering acting to reduce source
loading. For this model it was assumed that BTEX dissolution rates would decrease at 8
percent per year, the same rate used in model ST41C to account for source weathering
after the initial rapid source reduction. In this case, there is no rapid initial source

reduction due to operation of the IRA.

Model ST41D was run to predict conditions up to 35 years beyond those observed in
1994. Figure 5.15 shows the plume after 15 years of prediction time. The plume shrinks
considerably, and the maximum BTEX concentration decreases to about 5,000 ng/L. For
later prediction times, the plume continues to recede and maximum concentrations
continue to decrease. For example, Figure 5.16 shows the BTEX plume predicted for 25
years after 1994. The plume is much shorter than shown in Figure 5.15, and the
maximum model BTEX concentration is approximately 2,000 pg/L. Figure 5.17 shows
that after 29 years, the plume front has receded further, and the maximum concentration
is approximately 1,100 ug/L. For simulation times beyond 30 years, dissolved BTEX
concentrations in the model are all reduced to zero, even though loading rates are still
about one-twentieth of the original rates.
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These results suggest that even if the IRA does not continue to operate, dissolved
BTEX concentrations should be below MCLs in about 30 years. Concentrations of
individual compounds may decrease below MCLs sooner, depending on the fraction of
each compound present in the plume and the behavior of each compound in the
hydrogeological and microbiological environment present at ST41.

5.7 CONCLUSIONS AND DISCUSSION

The results of three Bioplume II model scenarios for Site ST41 suggest that the
dissolved BTEX plume front is not likely to migrate more than 350 feet downgradient of
its June 1994 position, and will more likely retreat and degrade. The rate at which the
plume retreats and degrades will be controlled by the rate at which BTEX loading from
the source area diminishes. The first scenario, model ST41A, assumed that conditions
that produced the calibrated model would remain constant (i.e., there would be no
reduction in source loading). The second scenario, model ST41C, assumed that due to
operation of the IRA system, the source loading rates would gradually decrease to 30
percent of the calibrated rates over a period of 5 years and would continue to decrease due
to weathering and biodegradation. Model ST41D, the third scenario, assumed that
natural weathering processes alone would reduce BTEX loading rates (in the event the
IRA was shut down).

As a worst-case, ST41A results suggest that after 5 years, the BTEX plume would
reach its maximum extent, approximately 350 feet downgradient from the source area,
before receding slightly and stabilizing. However, it is more likely that the amount of
BTEX entering groundwater at the site will continue to decrease. Model ST41C results
suggest that if the IRA continues to operate effectively for five years, the dissolved
BTEX plume will shrink back from the 1994 plume front and that concentrations will fall
below measurable concentrations within 22 years. Results of ST41D suggest that it
would take about 30 years for BTEX concentrations to decrease below MCLs if the
source area was only left to weather and biodegrade naturally.

The limited migration of BTEX compounds and the stabilization or degradation of the
plumes predicted by the simulations is largely a function of anaerobic biodegradation.
The moderately high hydraulic conductivity of the “cover sand” plays an important role
by flushing water containing DO and other electron acceptors through the BTEX plume,
which is retarded with respect to the advective groundwater velocity. As a result, both

5-38
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aerobic and anaerobic biodegradation is increased due to ti:e continuous influx of electron

acceptors.

Bioplume II does not account for desorption of contaminants from the aquifer matrix.
However, a review of mass-balance computations for models ST41A and ST41C
indicates that the mass of BTEX sorbed onto the aquifer solids is at most 0.9 percent of
the total dissolved mass that is removed by aerobic and anaerobic biodegradation. As a
result, the concentrations of BTEX that may desorb after the aqueous plume diminishes
will be very minor compared to observed concentrations. In addition, as the compounds
enter the aqueous phase, they will be diluted and will be more readily available for

biodegradation.
In all cases, model simulations are conservative for several reasons, including:

1) Aerobic respiration, denitrification, iron reduction, suifate reduction, and
methanogenesis are all occurring at this site; however, only aerobic
respiration is considered to react instantaneously (relative to the solute
velocity) during model simulations, and the anaerobic decay coefficient used
in the calibrated model is lower than indicated by site-specific calculations.

2) The stoichiometry used to determine the ratio between DO and total BTEX
assumed that no microbial cell mass was produced during the reaction. As
discussed in Section 4.3.2.1, this approach may be conservative by a factor of
three.

3) The highest DO concentration observed at the site was 12.6 mg/L. The
highest DO concentration assumed during model simulations was 6.0 mg/L.

4) A midrange coefficient of retardation for benzene (1.9) was used for model
simulations. Minimum coefficient of retardation values for the other BTEX
compounds range from 1.26 to 2.52. The use of the low coefficient of
retardation tends to increase the distance traveled by the simulated BTEX
plume, but may provide a more accurate estimate of benzene transport.

Model ST41A serves as an example to indicate that even under worst-case conditions
(i.e., undiminished dissolution of BTEX at the source), natural attenuation processes
would limit the migration of the BTEX plume to within 350 feet of the plume front
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observed in June 1994. In addition, the observed site conditions strongly suggest that
natural attenuation mechanisms have already limited plume migration, as indicated in
Section 4.3.1.1. It is possible that, given the conservative assumptions used in the
modeling, the observed BTEX plume has already stabilized or started to retreat.

Together, the results of models ST41C and ST41D provide a time frame (i.e., 22 to
30 years) inwhich BTEX concentrations are likely to decrease below MCLs. Model
ST41C shows that reduction of source loading due to operation of the IRA [based on the
assumptions made in the FS that the IRA will “eliminate the source of dissolved
contaminants in groundwater by removing the floating hydrocarbons and reduce ‘hot
spots’ of groundwater contamination” (Jacobs, 1994b)] and continued weathering of the
LNAPL will cause the BTEX plume to shrink and eventually degrade. If these
assumptions provide reasonable approximations of actual processes at the site, then the
conserve assumptions used for the other parts of the model will also make the
predictions ot ST41C reasonably conservative. However, if the IRA is less effective that
assumed for this model, the time for BTEX concentrations to decrease below MCLs will
increase, depending on the actual effect of the IRA on the source areas.

In the event the IRA is shut down, model ST41D results show that that source
weathering alone could reduce concentrations below MCLs in about 30 years. The rate at
which the source loading was reduced in this model was about one-twentieth of the
anaerobic degradation rate of the dissolved BTEX. This should be conservative because
mobile and residual LNAPL at the site would be subject to volatilization and continuing

dissolution in addition to biodegradation.
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SECTION 6

COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

This section presents the development and comparative analysis of two groundwater remedial
alternatives for Site ST41 at Elmendorf AFB. The intent of this evaluation is to largely to
illustrate that intrinsic remediation is an appropriate and cost-effective remedial technology to
consider when developing final remedial strategies for Site ST41, especially when combined
with other innovative and conventional remedial technologies. This discussion is intended for
use as a case study and should not be interpreted as replacing conclusions and recommendations
in other site documents.

Section 6.1 presents the evaluation criteria used to evaluate groundwater remedial alternatives.
Section 6.2 discusses the development of remedial alternatives considered as part of this
demonstration project. Section 6.3 provides a brief description of each of these remedial
alternatives. Section 6.4 provides a more detailed analysis of the remedial alternatives using the
defined remedial alternative evaluation criteria. The results of this evaluation process are
summarized in Section 6.5.

6.1 REMEDIAL ALTERNATIVE EVALUATION CRITERIA

The evaluation criteria used to identify the appropriate remedial alternative for shallow
groundwater contamination at Site ST41 were adapted from those recommended by the
USEPA (1988) for selecting remedies for Superfund sites (OSWER Directive 9355.3-01). These
criteria included (1) long-term effectiveness and permanence, (2) technical and administrative
implementability, and (3) relative cost. The following sections briefly describe the scope and
purpose of each evaluation criterion. This report does not include a complete discussion of
potential applicable or relevant and appropriate requirements (ARARs) for the site. Rather, this
report focuses on the potential use of intrinsic remediation and source reduction technologies to
reduce BTEX concentrations within the shallow groundwater to levels that pose no risk to human
health or the environment.

6-1
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6.1.1 Long-Term Effectiveness and Permanence

Each remedial technology or remedial alternative (which can be a combination of remedial
technologies such as intrinsic remediation and institutional controls) was analyzed to determine
how effectively it will minimize groundwater plume expansion so that groundwater quality
standards can be achieved at a downgradient POC. The expected technical effectiveness based
on case histories from other sites with similar conditions is also evaluated. The ability to
minimize potential impacts on surrounding facilities and operations is considered. Also, the
ability of each remedial alternative to protect both current and potential future receptors from
potential risks associated with site-related contamination in shallow groundwater is qualitatively
assessed by conservatively estimating if a potential exposure pathway involving groundwater
could be completed, either now or in the future. This evaluation criterion also included
permanence and the ability to reduce contaminant mass, toxicity, and volume. Time to
implementation and time until protection is achieved are described. Long-term reliability for
providing continued protection, including an assessment of potential for failure of the technology
and the potential threats resulting from such a failure, is also evaluated.

6.1.2 Implementability

The technical implementation of each remedial technology or remedial alternative was
evaluated in terms of technical feasibility and availability. Potential shortcomings and
difficulties in construction, operations, and monitoring are presented and weighed against
perceived benefits. Requirements for any post-implementation site controls such as LTM and
land use restrictions are described. Details on administrative feasibility in terms of the likelihood
of public acceptance and the ability to obtain necessary approvals are discussed.

6.1.3 Cost

The total cost (present worth) of each remedial alternative was estimated for relative
comparison. An estimate of capital costs, and operations and post-implementation costs for site
monitoring and controls is included. An annual inflation factor of 5 percent was assumed in

present worth calculations,
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6.2 FACTORS INFLUENCING ALTERNATIVES DEVELOPMENT

Several factors were considered during the identification and screening of remedial
technologies for addressing shallow groundwater contamination at Site ST41.  Factors
considered included the objectives of the natural attenuation demonstration program;
contaminant, groundwater, and soil properties; present and future land use; and potential
exposure pathways. The following section briefly describes each of these factors and how they
were used to narrow the list of potentially applicable remedial technologies to the suggested
remedial alternatives considered for Site ST41.

6.2.1 Program Objectives

The intent of the intrinsic remediation demonstration program sponsored by AFCEE is to
develop a systematic process for scientifically investigating and documenting naturally occurring
subsurface attenuation processes that can be factored into overall site remediation plans. The
objective of this program and the specific Site ST41 study is to provide solid evidence of
intrinsic remediation of dissclved fuel hydrocarbons so that this information can be used to
develop an effective groundwater remediation strategy. A secondary goal of this multi-site
initiative 1s to provide a series of regional case studies that demonstrate that natural processes of

ntaminant degradation can often reduce contaminant concentrations in groundwater to below

acceptable cleanup standards before completion of potential exposure pathways.

Because the objective of this program is to study natural processes in the saturated zone rather
than all contaminated media (vadose zone soil, soil gas. etc.), technologies have been evaluated
based primarily on their potential impact on shallow groundwater and phreatic soils.
Technologies that can reduce vadose zone contamination and partitioning of contaminants into
groundwater have also been evaluated. Many of the source removal technologies evaluated in
this section will also reduce soil and soil gas contamination, but it is important to emphasize that
the remedial alternatives developed in this document are not intended to remediate all
contaminated media. Additional program objectives set forth by AFCEE include cost
effectiveness and minimization of waste. Technologies that may meet these criteria include
institutional controls, soil vapor extraction, bioventing, biosparging, groundwater pump and treat,
and intrinsic remediation. Soil excavation, slurry walls, sheet piling, carbon adsorption, ex situ
biological or chemical treatment, and onsite/offsite disposal are not attractive technology

candidates for this site.
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6.2.2 Contaminant Properties

The site-related contaminants considered as part of this demonstration at Site ST41 are the
BTEX compounds. The source of this contamination is weathered petroleum (i.e., JP-4 fuel
and/or AVGAS) present as residual contamination in capillary fringe and saturated soil in the
vicinity of Tank 601. The physiochemical characteristics of JP-4, AVGAS, and the individual
BTEX compounds will greatly influence the effectiveness and selection of a remedial

technology.

Petroleum hydrocarbon mixtures, such as JP-4 or AVGAS, are composed of over 300
compounds with different physiochemical characteristics. JP-4 is classified as an LNAPL with a
liquid density of 0.75 gram per cubic centimeter (g/cc) at 20 °C (Smith et al.. 1981). AVGAS is
also an LNAPL. and liquid densities for gasoline products range from 0.68 to 0.76 g/cc at 20 °C.

Many compounds in JP-4 and AVGAS sorb very well to soil and are concentrated in the
capillary fringe because the mixture is less dense than water. JP-4 and AVGAS are slightly
soluble in water, with maximum solubilities (BTEX fraction only) of approximately 30 mg/L and
120 to 130 mg/L, respectively JP-4 and AVGAS are also primary substrates for biological
metabolism. Simultaneous biodegradation of aliphatic, aromatic, and alicyclic hydrocarbons has
been observed. In fact, mineralization rates of hydrocarbons in mixtures, such as JP-4 or
gasoline, may be faster than mineralization of the individual constituents as a result of

cometabolic pathways (Jamison et al., 1975; Perry, 1984).

The BTEX compounds are generally volatile, highly soluble in water, and adsorb less strongly
to soil than other hydrocarbons in a petroleum mixture. These characteristics allow the BTEX
compounds to leach more rapidly from contaminated soil into groundwater, and to migrate as
dissolved contamination (Lyman et al., 1992). All of the BTEX compounds are highly amenable
to in situ degradation by both biotic and abiotic mechanisms. As indicated in Section 4.3.1.1,
maximum dissolved BTEX concentrations derived from JP-4 and/or AVGAS are typically in the
range of 30 mg/L.

Benzene is very volatile, with a vapor pressure of 76 millimeters of mercury (mm Hg) at
20°C and a Henry's Law Constant of approximately 0.0054 atmosphere-cubic meters per mole
(atm-m3/mol) at 25 °C (Hine and Mookerjee, 1975; Jury ef al., 1984). The solubility of pure
benzene in water at 20 °C has been reported to be 1,780 mg/L (Verschueren, 1983). Benzene is
normally biodegraded to carbon dioxide, with catechol as a short-lived intermediate (Hopper,
1978; Ribbons and Eaton, 1992).
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Toluene is also volatile, with a vapor pressure of 22 mm Hg at 200C and a Henry's Law
Constant of about 0.0067 atm-m3/mol at 250C (Pankow and Rosen, 1988; Hine and Mookerjee.
1975). Toluene sorbs more readily to soil media relative to benzene, but still is very mobile.
The solubility of pure toluene in water at 200C is approximately 515 mg/L at 20°C
(Verschueren, 1983). Toluene has been shown to degrade to pyruvate, caetaldehyde, and
completely to carbon dioxide via the intermediate catechol (Hopper, 1978; Wilson et al., 1986;
Ribbons and Eaton, 1992).

Ethylbenzene has a vapor pressure of 7 mm Hg at 200C and a Henry's Law Constant of
0.0066 atm-m’/mol (Pankow and Rosen, 1988; Valsaraj, 1988). Ethylbenzene sorbs more
strongly to soils than benzene but less strongly than toluene (Abdul et al., 1987). Pure
ethylbenzene is also less soluble than benzene and toluene in water at 152 mg/L at 20°C
(Verschueren, 1983; Miller et al., 1985). Ethylbenzene ultimately degrades to carbon dioxide via
its intermediate 3-ethylcatechol (Hopper, 1978; Ribbons and Eaton, 1992).

The three isomers of xylene have vapor pressures ranging from 7 to 9 mm Hg at 200C and
Henry's Law Constants of between 0.005 and 0.007 atm-m3/mol at 250C (Mackay and Wolkoff,
1973; Hine and Mookerjee, 1975; Pankow and Rosen, 1988). Of all of the BTEX compounds,
xylenes sorb most strongly to soil, but still can leach from soil into the groundwater (Abdul et
al., 1987). Pure xylenes have water solubilities of 152 to 160 mg/L at 200C (Boiion and
Claussen, 1951; Mackay and Shiu, 1981; Isnard and Lambert, 1988). Xylenes can degrade to
carbon dioxide via pyruvate carbonyl intermediates (Hopper, 1978; Ribbons and Eaton, 1992).

Based on these physiochemical characteristics, intrinsic remediation, soil vapor extraction,
bioventing, biosparging, and groundwater extraction and air stripping technologies could all be
effective at collecting, destroying, and/or treating BTEX contaminants at Site ST41.

6.2.3 Site-Specific Conditions

Two general categories of site-specific characteristics were considered when identifying
remedial technologies for comparative evaluation as part of this demonstration project. The first
category was physical characteristics such as groundwater depth, gradient, flow direction, and
soil type, which influence the types of remedial technologies most appropriate for the site. The
second category involved assumptions about future land use and potential exposure pathways.
Each of these site-specific characteristics have influenced the selection of remedial alternatives

included in the comparative evaluation.
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6.2.3.1 Groundwater and Soil Characteristics

Site geology and hydrogeology will have a profound effect on the transport of contaminants
and the effectiveness and scope of required remedial technologies at a given site. Hydraulic
conductivity is perhaps the most important aquifer parameter governing groundwater flow and
contaminant transport in the subsurface. The velocity of the groundwater and dissolved
contamination is directly related to the hydraulic conductivity of the saturated zone. Aquifer slug
tests conducted at Site ST41 indicate moderately high conductivity values for the “‘cover sand”
unit bounding the Elmendorf Moraine and moderately low conductivity values for glacial till in
and on the moraine. Estimated hydraulic conductivities ranged from S x 10" 10 7.9 x 10 f/min.
The source area is in glacial till, for which hydraulic conductivity is relatively low. Much of the
plume body is present in the “cover sand” unit, which has moderately high hydraulic
conductivity. The hydraulic conductivity at this site directly influences the fate and transport of
contaminants. Migration of the groundwater plume increases the areal extent of contamination
(i.e., plume expansion) but decreases the average concentration within the aquifer via dilution

and increased biodegradation.

Hydraulic conductivity affects plume expansion and migration, and will also impact the
effectiveness of other remedial technologies, such as groundwater extraction, LNAPL removal,
and intrinsic remediation. For example, it would be less expensive and time-consuming to
capture and treat the contaminant plume using a network of extraction wells in areas of high
hydraulic conductivity than in areas of low conductivity. Contaminant recovery may also be
maximized when contaminants are not significantly sorbed to and retarded by phreatic soil.
However, Site ST41 soils have moderate to high TOC contents (up to 25.9 percent), and field
observations and hydraulic conductivity testing suggest that pumping rates, even in the “cover

sand”, would be relatively low.

The movement of contaminants within the subsurface away from the source will also increase
the effectiveness of natural biodegradation processes by distributing the contaminant mass into
areas enriched with electron acceptors. To satisfy the requirements of indigenous microbial
activity and intrinsic remediation, the aquifer must also provide an adequate and available carbon
or energy source, electron acceptors, essential nutrients, proper ranges of pH, temperature, and

redox potential.

Data collected as part of the field work phase of this demonstration project and described in
Sections 3 and 4 of this document indicate that, in the vicinity of Tank 601, Site ST41 is
characterized by adequate and available carbon/energy sources and electron acceptors to support

6-6
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measurable biodegradation of fuel hydrocarbon contamination by indigenous microorganisms.
DO, nitrate, ferric iron, sulfate, and carbon dioxide (which is utilized during methanogenesis)
represent sources of electron acceptor capacity for the biodegradation of BTEX compounds at the
site. Further, because fuel hydrocarbon-degrading microorganisms have been known to thrive
under a wide range of temperature and pH conditions (Freeze and Cherry, 1979), the physical
and chemical conditions of the groundwater and phreatic soil at Site ST41 are not likely to
inhibit microorganism growth, although growth rates might be slowed by the relatively low

temperatures.

Fuel hydrocarbon-degrading microorganisms are ubiquitous, and as many as 28 hydrocarbon-
degrading isolates (bacteria and fungi) have been discovered in different soil environments
(Davies and Westlake, 1977; Jones and Eddington, 1968). Indigenous microorganisms have a
distinct advantage over microorganisms injected into the subsurface to enhance biodegradation
because indigenous microorganisms are well adapted to the physical and chemical conditions of
the subsurface in which they reside (Goldstein et al., 1985). Microbe addition was not

considered a viable remedial technology for Site ST41.

6.2.3.2 Potential Exposure Pathways

A pathways analysis identifies the potential human and ecological receptors that could
potentially come into contact with site-related contamination and the pathways through which
these receptors might be exposed. To have a completed exposure pathway, there must be a
source of contamination, a potential mechanism(s) of release, a pathway of transport to an
exposure point, an exposure point, and a receptor. If any of these elements do not exist, the
exposure pathway is considered incomplete, and receptors will not come into contact with site-
related contamination. Evaluation of the potential long-term effectiveness of any remedial
technology or remedial alternative as part of this demonstration project includes determining if
the approach will be sufficient and adequate to minimize plume expansion so that potential
exposure pathways involving shallow groundwater are incomplete.

Assumptions about current and future land uses at a site form the basis for identifying
potential receptors, potential exposure pathways, reasonable exposure scenarios, and appropriate
remediation goals. USEPA (1991) advises that the land use associated with the highest (most
conservative) potential level of exposure and risk that can reasonably be expected to occur
should be used to guide the identification of potential exposure pathways and to determine the
level to which the site must be remediated. The source area consists of USTs and related
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facilities, including piping. distribution lines, and former condensate drain lines. North. west.
and east of Site ST41, the land is generally undeveloped except for gravel roads and ut’''*y
corridors. The area immediately south of the site is a clear zone for the east-west ru.v ay:
immediately south of the clear zone, the land is generally undeveloped. The groundwater plume
originating from Site ST41 is migrating to the south, and has impacted groundwater in an area
extending from the tank vicinity to an area just south of Loop Road (Figures 4.1 and 4.2).
Because this area is within and under the control of Eimendorf AFB, the current land use within
and downgradient of the contaminant plume is entirely military/industrial. Other base facilities
are located over 2,500 feet south and southeast of the site. The nearest base housing is
approximately 1 mile south of ST41. Ultimately, groundwater from the shallow aquifer
discharges into Ship Creek, which is more than 2 miles south of the site.

Under reasonable current land use assumptions, potential receptors only include worker
populations. Tt is unlikely that workers could be exposed to site-related coniamination in
phreatic soils or shallow groundwater unless this material is removed during future construction
excavations or remedial activities. Previous soil data did not indicate any widespread areas of
soil contamination, and because the IRA trench appears to be limiting groundwater discharge
from the sezps south of Tank 601, exposure to the groundwater is also unlikely. Groundwater
from the shallow aquifer is not currently used to meet any demands at Elmendorf AFB. On-base
water demands are met by supply wells screened in the deep confined aquifer. Exposure
pathways involving other environmental media such as shallow soils and soil gas in the source
area were not considered as part of this project, but should be considered in overall site
remediation decisions. Migration to and discharge of contaminated shallow groundwater into
Ship Creek could complete an exposure pathway to human or ecological receptors via dermal
contact or possible ingestion, but it is very unlikely that detectable BTEX concentrations from
Site ST41 could reach the creek. based on predictive fate and transport modeling (Section 5).

Assumptions about hypothetical future land uses must also be made to ensure that the
remedial technology or alternative considered for shallow groundwater at the site is adequate and
sufficient to provide long-term protection. No future changes in land use in the area of potential
site influence are anticipated, so a military/industrial land use assumption is most appropriate.
Thus, potential future receptors include only worker populations. The potential future exposure
pathways involving workers are identical to those under current conditions provided shallow
groundwater is not used to meet industrial water demands. In summary, the use of the intrinsic
remediation technology at this site will require that the source area be maintained as industrial
property and that restrictions on shallow groundwater use be enforced in areas downgradient of
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Site ST41 until natural attenuation reduces contaminants to levels that pose no risk. If additional
source removal technologies such as soil vapor extraction, bioventing, biosparging. or
groundwater pump and treat are implemented, they will have some impact on the short- and
long-term land use options and will require some level of institutional control and worker

protection during remediation.

6.2.3.3 Remediation Goals for Shallow Groundwater

Model results suggest that BTEX compounds are not likely to move more than 350 feet
downgradient of the observed plume front. Therefore, an area approximately 400 feet beyond
the June 1994 plume boundary has been identified as a possible POC for groundwater remedial
activities because this appears to be the maximum extent of future contaminant migration. This
is a suitable location for monitoring and for demonstrating compliance with protective

groundwater quality standards, such as promulgated groundwater MCLs.

This remedial strategy assumes that compliance with promulgated, single-point remediation
goals 1s not necessary if site-related contamination does not pose a threat to human health or the
environment (i.e., the exposure pathway is incomplete). Thus, the magnitude of required
remediation in areas that can and will be placed under institutional control is different from the
remediation tha: is required in areas that may be available for unrestricted use. A primary RAQO
for shallow groundwater within and downgradient of Site ST4! could be limitation of plume
expansion to prevent exposure of downgradient receptors to concentrations of BTEX in
groundwater at levels that pose a risk. This means that viable remedial alternatives must be able
to achieve concentrations that minimize plume migration and/or expansion. A suggested RAO
for shallow groundwater at the POC is attainment of federal drinking water MCLs for each of the
BTEX compounds listed in Table 6.1. Although it is unlikely that groundwater would be
ingested by humans, this level of long-term protection is appropriate.

In summary, available data suggest that there is no complete potential exposure pathway
involving shallow groundwater under current conditions. Moreover, it is likely that no potential
exposure pathways involving shallow groundwater would be complete under future land use
assumptions, provided use of shallow groundwater as a potable or industrial source of water is
prohibited by institutional controls within the plume area and within an area approximately 400
feet downgradient of the 1994 plume front. Thus, institutional controls are likely to be a
necessary component of any groundwater remediation strategy for this site. The required

6-9
L:\45007\st41reptistd 1 finl.doc

®‘ s &

&



FINAL

duration of these institutional controls may vary depending on the effectiveness of the selected

remedial technology at reducing contaminant mass and concentration in the groundwater.

TABLE 6.1

SUGGESTED POINT-OF-COMPLIANCE REMEDIATION GOALS
SITE ST41 INTRINSIC REMEDIATION TS

ELMENDORF AFB, ALASKA
Compound Federal MCL (pg/L) POC Remediation Goal (ug/L) |
Benzene 5 <5
Toluene 1,000 <1,000
Ethylbenzene 700 <700
Total Xylenes 10.000 <10,000

6.2.4 Summary of Remedial Technology Screening

Several remedial technologies have been identified and screened for use in treating the
shallow groundwater at Site ST41. Table 6.2 identifies the initial remedial technologies
considered as part of this demonstration and those retained for detailed comparative analysis.
Screening was conducted systematically by considering the program objectives of the AFCEE
intrinsic remediation demonstration, physiochemical properties of the BTEX compounds, and
other site-specific characteristics such as hydrogeology, land use assumptions, potential exposure
pathways, and appropriate remediation goals. All of these factors will influence the technical
effectiveness, implementation, and relative cost of technologies for remediating shallow
groundwater underlying and migrating from the site. The remedial technologies retained for
development of remedial alternatives and comparative analysis include institutional controls.
intrinsic remediation, LTM, and mobile LNAPL removal. Biosparging was considered as a
means for containing the plume, but the site data and modeal results suggest that there would be
no significant advantage in pursuing this option due to the amount of DO already present in the

shallow aquifer.
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6.3 BRIEF DESCRIPTION OF REMEDIAL ALTERNATIVES

This section describes how remedial technologies retained from the screening process were
combined into two potential remedial alternatives for the Site ST41. Sufficient information on
each remedial alternative is provided to facilitate a comparative analysis of effectiveness,

implementability, and cost in Section 6.4.

6.3.1 Alternative 1 - Intrinsic Remediation and Institutional Controls with Long-Term
Monitoring

Intrinsic remediation 1s achieved when naturally occurring attenuation mechanisms bring
about a reduction in the total mass of a contaminant in the soil or dissolved in groundwater.
Intrinsic remediation results from the integration of several subsurface attenuation mechanisms
that are classified as either destructive or nondestructive. Destructive attenuation mechanisms
include biodegradation, abiotic oxidation, and hydrolysis.  Nondestructive attenuation
mechanisms include sorption. dilution (caused by dispersion and infiltration), and volatilization.
In some cases, intrinsic remediation will reduce dissolved contaminant concentrations below
numerical concentration goals, thus protecting human health and the environment. Based on the
existing evidence of intrinsic remediation described in Section 4, these processes are occurring at
Site ST41 site and will continue to reduce contaminant mass in the plume area. Under this

alternative, it is assumed that the IRA system would not continue to operate.

Results of the worst-case model ST41A suggest that the dissolved BTEX plume should reach
its maximum extent within 5 years before stabilizing. This plume could extend to a maximum of
350 feet downgradient of the plume front indicated by June 1994 data. This scenario does not
account for additional BTEX source reduction due to weathering of the LNAPL in the
unsaturated zone. It is likely that as the LNAPL weathers and ioading rates decrease further. the
dissolved BTEX plume would shrink and concentrations would diminish to levels well below
those indicated by ST41A. Model ST41D indicates that with a source weathering rate of
8 percent per year, concentrations of BTEX compounds in groundwater would drop below MCLs

in about 30 years.

Implementation of Alternative 1 would require the use of institutional controls such as land
use restrictions and LTM. Land use restrictions may include placing long-term restrictions on
soil excavation within the source area and long-term restrictions on groundwater well
installations within and downgradient of the plume area. The intent of these restrictions would
be to reduce potential receptor exposure to contaminants by legally restricting activities within
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areas affected by site-related contamination. The two previously discussed model scenarios
delineate the maximum estimated plume migration distance. To be conservative, the results of
model ST41A should be considered in making decisions regarding groundwater monitoring and

potential land use restrictions.

As a minimum, groundwater monitoring would be conducted annually as part of this remedial
technology to evaluate the progress of natural attenuation processes. Based on the worst-case
plume migration suggested by model ST41A, it is unlikely that benzene concentrations
exceeding the MCL of 5 pg/L would be present more that 350 feet downgradient of the 1994
plume front (this would be true even if it were assumed that model contaminant concentrations
are composed of benzene only rather of than total BTEX). More frequent sampling appears
unnecessary because model results suggest that the plume is very close to stabilizing, if it has not
done so already. Every 5 years during the monitoring process, sampling data should be
evaluated. On the basis of these evaluations, the monitoring schedule can be modified or

eliminated as the data indicate.

Because there are no apparent downgradient receptors, three POC wells should be placed
downgradient of the modeled maximum extent (i.e., slightly more than 350 feet downgradient of
the June 1994 plume front, or approximately 1,000 feet downgradient of Tank 601). In addition.
four LTM wells within, upgradient and immediately downgradient of the existing BTEX plume
would be used to monitor the effectiveness of intrinsic remediation. LTM wells are further
described in Section 7.2.1. Detection of benzene in excess of 5 ug/L at downgradient LTM wells
may require additional evaluation and modeling to assess BTEX migration and to determine the
probable extent of BTEX migration, or to determine if additional corrective action would be

necessary. Land use restrictions would also require reevaluation.

Public education on the selected alternative would be developed to inform base personnel and
residents of the scientific principles underlying source reduction and intrinsic remediation. This
education could be accomplished through public meetings, presentations, press releases, and
posting of signs where appropriate. Periodic site reviews could also be conducted every year
using data collected from the long-term groundwater monitoring program. The purpose of these
periodic reviews would be to evaluate the extent of contamination, assess contaminant migration
and attenuation through time, document the effectiveness of source removal and institutional
controls at the site, and reevaluate the need for additional remedial actions at the site.

6-16
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6.3.2 Alternative 2 - Continued Mobile LNAPL Removal, Intrinsic Remediation, and
Institutional Controls with Long-Term Groundwater Monitoring

Mobile LNAPL recovery operations have been underway at Site ST41 since October 1993.
Between mid-October and mid-December 1993, approximately 70 gallons of LNAPL were
recovered from three trenches and two wells located across the entire site. One of the trenches
and one of the wells are located in the vicinity of the plume emanating from Tank 601. In
addition, the IRA system is removing small quantities of contaminated groundwater in areas with
relatively high BTEX concentrations. The IRA system is projected to operate for about 5 years
(Jacobs, 1994b).

It is important to note that under optimum conditions in coarse-grained soils. a 30- to 50-
percent recovery of the spilled fuel is considered excellent. Much of the remaining 50 to 70
percent of the fuel is more tightly occluded and bound in the micropore structure of the soil.
Removal of this residual fuel could be accomplished using either soil vapor extraction or
bioventing technologies. However, neither of these technologies would be suitable for use in the
heterogeneous, fine-grained glacial till in the source area. It is possible that hundreds to
thousands of gallons of LNAPL would remain bound to the soil matrix. However, this material
would be subjected to continued volatilization, biodegradation, and leaching.

A scenario incorporating source reduction was modeled with Bioplume II (model ST41C),
and the results of this simulation are presented in Section 5.6.2. As indicated previously. results
of model ST41C suggest that source reduction by removal and weathering of mobile LNA
would result in plume shrinkage, with total BTEX concentrations decreasing through time. The
model suggests that BTEX concentrations will be thoroughly degraded in about 22 years.

Under this alternative, existing mobile LNAPL rcmoval activities would be continued, but no
additional source removal technologies would be employed. As with Alternative 1, institutional
controls and LTM would be required. POC and LTM wells would be installed and sampled as
indicated in the previous section.

6.4 EVALUATION OF ALTERNATIVES

This section provides a comparative analysis of each of the remedial alternatives based on the
effectiveness, implementability, and cost criteria. A summary of this evaluation is presented in

Section 6.5.
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6.4.1 Alternative 1 - Intrinsic Remediation and Institutional Controls with Long-Term
Monitoring

6.4.1.1 Effectiveness

Section 5 of this document presents the results of the Bioplume II modeling completed to
support the intrinsic remediation alternative at Site ST41. 1hice models (ST41A, ST41C, and
ST41D) were used to illustrate a range of potential future cond..ons at the site.

Model results predicted that natural attenuation mechanisms will significantly limit
contaminant migration and reduce contaminant mass and toxicity. Benzene concentrations
should not exceed the federal MCL at the POC wells. The Bioplume Il model is based upon
numerous conservative assumptions. Groundwater monitoring at the LTM and POC wells will
ensure the protectiveness of this alternative. While this alternative would not cease to be
protective if the benzene plume was intercepted by the POC wells, such an instance would

indicate that site conditions should be reevaluated.

The effectiveness of this remedial alternative requires that excavations or drilling within the
source area be conducted only by properly protected site workers. Reasonable land use
assumptions for the plume area indicate that exposure is unlikely unless excavation or drilling
activities bring saturated soil to the surface. Long-term land use restrictions will be required to
ensure that shallow groundwater will not be pumped or removed for potable use within, and
approximately 500 feet in all directions from, the existing BTEX plume. Existing health and
safety plans should be enforced to reduce risks from installing and monitoring additional POC

wells.

Compliance with program goals is one component of the long-term effectiveness evaluation
criterion. Alternative 1 will satisfy program objectives designed to promote intrinsic remediation
as a component of site remediation and to scientifically document naturally occurring processes.

Alternative 1 is based on the effectiveness of enhanced naturally occurring processes that
minimize contaminant migration and reduce contaminant mass over time, and the effectiveness
of institutional controls. As described earlier, an investigation of the potential effectiveness of
naturally occurring processes at Site ST41 using field data and the Bioplume II model
demonstrated that the BTEX plume migration will be significantly limited. The model
sensitivity analysis completed for this site (Section 5.5) suggests that even under the most
conservative (i.e., worst-case) conditions, the naturally occurring processes at Site ST41 should
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reduce contaminant migration so that the maximum distance traveled by the plume is unlikely to
be beyond the proposed POC wells. The actual maximum migration distance is likely to be less
than the maximum predicted distance of 350 feet beyond the June 1994 plume front. It is likely
that the plume will fully degrade within 30 years.

Aside from the administrative concerns associated with enforcement of long-term land use
restrictions and long-term groundwater monitoring programs, this remedial alternative should
provide reliable, continued protection. Worst-case model results suggest that the plume will
stabilize within 5 years. However, due to uncertainty about how long the source area would
continue to produce dissolved BTEX contamination, it is assumed for cost comparison purposes
that monitoring to insure that dissolved benzene concentrations do not exceed federal MCLs at
the POC will continue for approximately 15 years under Alternative 1.

6.4.1.2 Implementabilty

Alternative 1 is not technically difficult to implement. Installation of LTM and POC wells
and annual groundwater mionitoring are standard procedures. Long-term management efforts
will be required to ensure proper sampling procedures are followed. Periodic site reviews should
be conducted to confirm the adequacy and completeness of LTM data and verify the
effectiveness of this remediation approach. There may also be administrative concerns
associated with long-term enforcement of groundwater use restrictions. Future land use within
the source area may be impacted by leaving contaminated soil and groundwater in place.
Regulators and the public will have to be informed of the benefits and limitations of the intrinsic
remediation option. Educational programs are not difficult to implement, and the initial

regulatory reaction to this alternative has been positive.

6.4.1.3 Cost

The cost of Alternative 1 is summarized in Table 6.3. Existing wells would be used for three
of the four LTM wells. Therefore, capital costs are limited to the construction of three new POC
wells and one new LTM well. Included in the $172,000 total present worth cost estimate for
Alternative 1 are the costs of maintaining institutional controls and long-term groundwater

monitoring for a total of 15 years.
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TABLE 6.3
ALTERNATIVE 1 - COST ESTIMATE
SITE ST41 INTRINSIC REMEDIATION TS
ELMENDORF AFB, ALASKA NJ]
Capital Costs Cost
Design/Construct 3 POC Wells and 1 LTM Well $16,000
itori st nnu ost
Conduct Annual Groundwater Monitoring at 7 wells
(15 years) $6.000
Maintain Institutional Controls/Public Education (15 years) $5.000
Project Management (15 years) $6.000
Present Worth of Alternative 1 * $172,000
¥ Based on an annual inflation factor of 5 percent.
o
6.4.2 Alternative 2 - Continued Mobile LNAPL Removal, Intrinsic Remediation and
Institutional Controls with Long-Term Groundwater Monitoring
6.4.2.1 Effectiveness
Assuming the IRA LNAPL recovery system and natural weathering processes continue to
reduce the mass of BTEX entering groundwater from mobile and residual LNAPL, model results
suggest that the BTEX plume front should gradually retreat, and that total BTEX concentrations
should diminish throughout the plume. However, because the IRA system would not address
dissolved BTEX contamination beyond the trench and may not fully contain dissolved
contamination in the trench area, dissolved BTEX concentrations downgradient would continue
to be reduced by intrinsic remediation alone. As with Alternative I, this alternative would
require long-term land use restrictions and enforcement of health and safety plans to reduce risks
from installing and monitoring LTM and POC wells.
6-20
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Alternative 2 should provide reliable, continuous protection with little risk from temporary
IRA system failures. This alternative also complies with the program goals because intrinsic
remediation remains the predominant decontamination method for the site. However, this
remedial alternative will result in the generation of other wastes requiring treatment and/or

disposal.

As in Alternative 1, it is assumed monitoring to insure that dissolved benzene concentrations
do not exceed federal MCLs at the POC will continue for approximately 15 years under
Alternative 2. Annual groundwater monitoring will be required during that time to ensure that
LNAPL recovery and intrinsic remediation will uniformly reduce BTEX concentrations to levels
below MCLs. Costs for operation of the LNAPL recovery system are based on the information

presented by Jacobs Engineering Group (1994b).

6.4.2.2 Implementability

Installation and operation of an LNAPL and water recovery/treatment system has already been
accomplished as part of the IRA for Site ST41. The technical and administrative
implementability concerns associated with the intrinsic remediation and LTM component of this
remedial alternative are identical to those discussed in Alternative |

6.4.2.3 Cost

The estimated capital and operating costs of Alternative 2 are shown in Table 6.4. The total
present worth cost of Alternative 2 is $1,142,000. The increased cost of Alternative 2 over
Alternative 1 is solely the result of the addition of operation and maintenance costs for the IRA
system, although monitoring would be continued for the same length of time to verify that the
plume continues to degrade and that any part of the plume does not reach the POC wells. Annual
LTM would continue for 15 years to ensure that intrinsic remediation is preventing BTEX

concentrations exceeding MCLs from reaching the POC.
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TABLE 6.4
ALTERNATIVE 2 - COST ESTIMATE
SITE ST41 INTRINSIC REMEDIATION TS
ELMENDORF AFB, ALASKA

Capital Costs Cost
Design/Construct 3 POC Wells and 1 LTM Well $16.000
Operate and Maintain LNAPL/Water Recovery $224.000 ¥
System (5 years)
Conduct Annual Groundwater Monitoring of 7 wells
(15 years) $6,000
Maintain Institutional Controls/Public Education (15 years) $5,000
Project Management (15 years) $6.000
Present Worth of Alternative 2 $1,142,000

¥ Cost for operating the system for the entire site, from Jacobs Engineering Group (1994b).
* Based on an annual inflation factor of 5 percent.

6.5 SUGGESTED REMEDIAL APPROACH

Two remedial alternatives have been evaluated for remediation of the shallow groundwater at
Site ST41. Components of the alternatives evaluated include mobile LNAPL recovery, intrinsic
remediation with LTM, and institutional controls. Table 6.5 summarizes the results of the
evaluation based upon effectiveness, implementability, and cost criteria. Based on this
evaluation, Alternative 2 appears to be the most favorable approach. Alternative 2 was selected
because the removal of additional LNAPL will reduce the long-term toxicity of groundwater at
the site and because the capital expenditure has already been made. Alternative 2 should also
produce a more rapid reduction in the plume size and more thoroughly reduce the potential of

downgradient exposure.
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Based on all effectiveness criteria, both alternatives make maximum use of intrinsic
remediation mechanisms to reduce plume migration and toxicity. Alternative 2 would provide
additional protection against further plume migration, but would still rely on intrinsic
remediation mechanisms to reduce plume toxicity downgradient of the LNAPL recovery system.
Implementation of Alternative 2 could decrease the time frame for remediation. but would not
meet AFCEE’s waste minimization objective as well as would Alternaiive 1. However, the

recovery system has already been installed and has been operating since October 1993.

Both of the remedial alternatives are implementable. and both alternatives effectively reduce
potential hydrocarbon migraticn and toxicity. Both alternatives should be acceptable to the
public and regulatory agencies because they are protective of human health and the environment
and reduce groundwater contamination in a relatively short time frame. Implementation of either
alternative will require land use and groundwater use controls to be enforced for approximately
15 years, along with annual groundwater monitoring for the same period (unless evaluation of

future sampling data indicates that a shorter time frame is appropriate).

The final evaluation criterion used to compare each of the two remedial alternatives was cost.
Although the considerable additional cost of Alternative 2 over Alternative 1 may not be justified
by the minimal additional protection it provides, the LNAPL recovery system is alrcady installed
and has been operating for over a year. In addition, model results suggest that source removal

will result in more rapid decreases in BTEX concentrations.
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SECTION 7

LONG-TERM MONITORING PLAN

7.1 OVERVIEW

In keeping with the requirements of the suggested remedial alternative for Site ST41
(continued LNAPL/source reduction and intrinsic remediation with LTM), a long-term
groundwater monitoring plan should be developed. The purpose of this component of the
suggested remedial alternative for Site ST41 is to assess site conditions over time. confirm
the effectiveness of LNAPL recovery and/or naturally occurring processes at reducing
contaminant mass and minimizing contaminant migration, and evaluate the need for
additional remediation. The LTM plan presented herein is based on considerations detailed
in the AFCEE intrinsic remediation protocol document, and is only a recommended plan.

Site-specific physical or administrative considerations may require use of a different plan.

To demonstrate attainment of site-specific remediation goals and to verify the predictions
of the Bioplume Il model developed for Site ST41, the suggested LTM plan consists of
identifying the location of two separate groundwater monitoring networks and developing a
groundwater sampling and analysis strategy. The strategy described in this section is
designed to monitor plume migration over time and to verify that intrinsic remediation is
occurring at rates sufficient to protect potential receptors. In the event that data collected
under this LTM program indicate that naturally occurring processes (in addition to the IRA
system) are insufficient to protect human health and the environment, contingency controls to

augment the beneficial effects of intrinsic remediation would be necessary.

7.2 MONITORING NETWORKS

Two separate sets of wells would be installed at the site as part of the intrinsic remediation
with LTM remedial alternative. The first set will consist of four LTM wells located in,

upgradient, and downgradient of the observed BTEX plume to verify the results of the
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Bioplume II modeling effort and to ensure that natural attenuation is occurring at rates
sufficient to minimize plume expansion (i.e., meet the first level of RAOs for the site). This
network of wells will consist of existing and proposed wells screened within the shallow
aquifer to provide short-term confirmation and verification of the quantitative groundwater
modeling results. The second set of groundwater monitoring wells would be located along a
line approximately 1,000 feet downgradient from Tank 601 (the suggested POC for this
demonstration project). The purpose of the POC wells is to verify that no BTEX compounds
exceeding federal MCLs migrate beyond the area under institutional control (i.e., meet the
second level of RAOs for the site). This network would consist of three groundwater
monitoring wells screened across the first 10 feet of the shallow aquifer. The LTM and POC
wells will be sampled for analysis of the parameters listed in Tables 7.1 and 7.2, respectively.

7.2.1 Long-Term Monitoring Wells

At four locations, groundwater wells within, upgradient. and downgradient of the existing
BTEX contaminant plume should be used to monitor the effectiveness of intrinsic
remediation in reducing total contaminant mass and minimizing contaminant migration at
Site ST41. As at all sites, one well upgradient of the existing plume would be monitored. Of
the remaining wells, one would be placed in the anaerobic treatment zone. one in the aerobic
treatment zone, and the last well would be placed downgradient of the aerobic treatment

zone.

At three of the locations, existing wells would be used for this purpose. Well ST41-25
could be used to monitor conditions near the plume core, while monitoring well ST41-ES4A
could be used to monitor conditions in the aerobic treatment zone. Monitoring well ST41-
ES6A would be used for monitoring downgradient of the plume. Upgradient of the plume.
one new well should be installed. Figure 7.1 identifies the proposed locations of the new
well and the existing wells to be used for LTM. This network will supplement the POC wells
to provide early confirmation of model predictions and to allow additional response time if
necessary. The new LTM well would be constructed with a 10-foot screen, with
approximately 8 feet of the screen below the water table. All LTM wells should be sampled
and analyzed for the parameters listed in Table 7.1 to verify the effectiveness of the intrinsic

remediation remedial alternative.
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7.2.2 Point-2>f-Compliance Wells

Three POC monitoring wells should be installed approximately 400 feet downgradient of
the existing BTEX plume (approximately 1,000 feet downgradient of Tank 601). Figure 7.1
shows the proposed locations of these wells. The purpose of the POC wells is to verify that
no contaminated groundwater exceeding federal MCLs migrates beyond the area under
institutior -’ control. Although model results suggest that the contaminant plume will not
migrate beyond this location at concentrations exceeding chemical-specific federal MCLs,
these POC wells are the technical mechanisms used to demonstrate protection of human
health and the environment and compliance with site-specific numerical remediation goals.
These wells would be installed and monitored for the parameters listed in Table 7.2 to assure

that the selected remedy is providing the anticipated level of risk reduction and remediation

at the site.

As with the LTM wells, the POC wells would also be screened in the same hydrogeologic
unit as the contaminant plume. Data presented in this report concerning the nature and extent
of contamination at the site suggest that a 10-foot screen with approximately 8 feet of screen
below the groundwater surface will be sufficient to intercept the contaminant plume at this
site. Figure 7.2 is a proposed groundwater monitoring well completion diagram for both the
LTM well and the POC wells.

7.3 GROUNDWATER SAMPLING

To ensure that sufficient contaminant removal is occurring at Site ST41 to protect human
health and the environment and meet site-specific remediation goals. the suggested long-term
groundwater monitoring plan includes a comprehensive sampling and analysis plan. Both
LTM and POC wells would be sampled and analyzed annually to verify that naturally
occurring praocesses are effectively reducing contaminant mass and mobilitv. Reductions in
toxicity would be implied by mass reduction. The sampling and analysis plan would also be
aimed at assuring intrinsic remediation can achieve site-specific remediation concentration

goals for BTEX compounds and protect human health and the environment.
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7.3.1 Analytical Protocol

All LTM and POC wells in the LTM program would be sampled and analyzed to
determine compliance with chemical-specific remediation goals and to verify the
effectiveness of intrinsic remediation at the site. Water level measurements should be made
during each sampling event. Groundwater samples would be analyzed for the parameters
listed in Tables 7.1 and 7.2. A site-specific groundwater sampling and analysis plan should

be prepared prior to initiating the LTM program.

7.3.2 Sampling Frequency

Each of the LTM and POC sampling points will be sampled once each year for 15 vears.
If the data collected during this time period supports the anticipated effectiveness of the
intrinsic remediation alternative at this site, the sampling frequency can be reduced to once
every year for all wells in the LTM program, or eliminated. If the data collected at any time
during the monitoring period indicate the need for additional remedial activities at the site,

sampling frequency should be adjusted accordingly.

7-9
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SECTION 8

CONCLUSIONS AND RECOMMENDATIONS

This report presents the results of a TS conducted to evaluate the use of intrinsic
remediation (natural attenuation) for remediation of fuel-hydrocarbon-contaminated
groundwater in the vicinity of Tank 601 at Site ST41, Elmendorf AFB. Alaska. Specifically,
the finite-difference groundwater model Bioplume II was used in conjunction with site-
specific geologic, hydrologic, and laboratory analytical data to simulate the migration and
biodegradation of fuel hydrocarbon compounds dissolved in groundwater. Groundwater
contaminant and geochemical data strongly suggest that biodegradation of fuel hydrocarbons
is occurring at the site via aerobic respiration, denitrification, iron reduction, sulfate

reduction, and methanogenesis.

To collect the data necessary for the intrinsic remediation demonstration, Parsons ES and
USEPA researchers collected soil and groundwater samples from the site. Physical and
chemical data collected under this program were supplemented with data collected during
previous site characterization events. Site-specific geologic, hydrologic, and laboratory
analytical data were then used in the Bioplume II numerical groundwater model to simulate
the effects of advection, dispersion, sorption, and biodegradation on the fate and transport of
the dissolved BTEX plume. Extensive site-specific data were used for model calibration and
implementation. Model paramesters that could not be obtained from existing site data were
estimated using widely accepted literature values for sediments similar to those found at the
site. Conservative aquifer parameters were used to construct the Bioplume II model for this

study, and therefore, the model results presented herein represent conservative scenarios.

Model ST41A was run as an illustrative scenario to show that intrinsic remediation is
capable of limiting plume migration, even in the extreme case of a continuing source of
undiminished strength. For this model, it was assumed that conditions that produced the
calibrated model (including BTEX loading rates) would persist for the duration of the
simulation. This is a worst-case scenario, because BTEX loading rates will decrease over

time as the LNAPL in the source area weathers and is degraded by biota present in the soil

8-1
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column, and because IRA source removal is already taking place. This model suggested that
the plume would migrate no more than 350 feet beyond the limits observed in 1994 before

stabilizing.

On the basis of statements in the RI/FS (Jacobs, 1994b), model ST41C assumed that
operation of the IRA system would result in a 70-percent reduction in BTEX loading rates
within S years. After the IRA operation ceased. it was assumed that natural weathering
processes would continue to reduce BTEX loading rates by 8 percent per year. Results of
this model suggested that the plume would begin to shrink, and that within 22 vears, BTEX
concentrations in the source area would be reduced below MCLs. Because future operation
of the IRA system is uncertain, mode] ST41D was run to simulate the effects of source
weathering alone. In this model, the source loading rates were decreased by 8 percent per
year, with no initial reductions due to operation of the IRA. Results of ST41D suggest that
the plume will shrink and that dissolved BTEX concentrations will be reduced below MCLs

in about 30 years.

The main uncertainty in the model simulations run for this site is the time frame in which
contaminant mass loading into the aquifer will be reduced to the point that natural attenuation
mechanisms can thoroughly degrade the dissolved BTEX plume. However, results of all
three models suggest that biodegradation mechanisms operating at the site should be quite
effective in preventing migration of dissolved BTEX compounds introduced by dissolution
within the source area, particularly as the volume of LNAPL in the source area diminishes.

The results of this study suggest that natural attenuation of BTEX compounds is occurring
at Site ST41 to the extent that the dissolved concentrations of these compounds in
groundwater should be reduced to levels below current regulatory guidelines long before
potential downgradient receptors could be adversely affected (i.e.. the potential contaminant
migration pathway will not be complete for any of the potential receptors described in
Section 6.2). Based on the distance to potential downgradient receptors (at least 2,500 feet)
and rates of BTEX plume migration and degradation predicted by models ST41A, ST41C,
and ST41D, a combination of free product recovery, natural attenuation, institutional
controls, and LTM would be a suitable remedial option for BTEX-impacted groundwater
near Site ST41. Construction activities in the plume area and groundwater use in and
downgradient from the plume area should be restricted for a period of approximately 15

years.

8-2
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To verify the results of the Bioplume Il modeling effort, and to ensure that natural
attenuation is occurring at rates sufficient to protect potential downgradient receptors. it is
suggested that groundwater from existing monitoring wells ST41-25, ST41-ES4A. ST41-
ES6A, and one additional proposed LTM well be sampled annually and analyzed for the
parameters listed in Table 7.1. In addition, three POC groundwater monitoring wells should
be installed downgradient from the predicted maximum travel distance of the BTEX plume
and sampled semiannually for the parameters listed in Table 7.2. Figure 7.1 shows suggested
locations for the three new POC monitoring wells and the new LTM well. These wells
should be sampled annually for 15 years. If dissolved BTEX concentrations in groundwater
in the POC wells are found to exceed the federal MCLs of 5 pg/L. for benzene, 1,000 pg/L
for toluene, 700 pg/L for ethylbenzene, or 10,000 pg/L for total xvlenes, additional

evaluation or corrective action may be necessary at this site.
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GEOLOGIC BORING LOG Sheet 1 of 1
BORING NO.: ST41-£SJ CONTRACTOR: HUGHES DRILLING DATE SPUD: 6/8/94
CLIENT: AFCEE RIG TYPE: CME_75 DATE CMPL.: 8/8/94
JOB NO.: 722450.07 DRLG METHOD: HOLLOW STEM AUGER ELEVATION: 212.6 feet MSL
LOCATION: _ELMENDORF AF8 BORING DIA.: _8 INCHES TEMP: 60 f
GEOLOGIST: _MS/KC DRLG FLUID: NONE WEATHER: PTLY CLOUDY
COMMENTS: _PID BACKGROUND = 1.7 ppm
Bev PDep!h Pro-] US Sample e Penet BZ JOIL | ™
(ft) F() | fe | CS Geologic Description No. Depth (ft] Type | Res JPD(ppm T
1 No sampie. Organic matter/ topseoil.
L1
Dork brown, fine to v. coorse SAND with gravel. o |17
! Groy-ten cloyey SRT with gravel. Increased omounts 2-4 1.3
= ML of cobbler with depth. 1.7
5—-/ 48 C ;'2 L7
SP
A O 35 | w7
1 T 1SAND lens from 7.0 to 7.5 bga. 6-8 5,7 1y
¥ Cloyey SILT with gravei and cobbies. N YR KX :
CH e-w0| T 912 —
10 Grey—biue, sity CLAY bo.ginning at 8.1 feet dgs.
Bootiegger Cove Formation. '
Totat depth ot 10 feet bgs.
N
U
15+ O
U
S
20+ D
R
I
V
25 E
- 30
35
——
GEOLOGIC BORING LOG
NOTES SAMPLE TYPE
bgs — Below Ground Surface D - DRIVE Site ST
- ite 41
GS Ground Surfoce C - CORE Intrinsic Remediation EE/CA
TOC — Top of Casing G - GRAB | imendorf Air_Force Base, Alaska
NS - Not Sampled Epm
SAA - Same As Above ¥ vaoter level ENSINEERING SCHENCHE, INC.
BZ - Breathing Zone — During Drilling Denver, Colorado
m: \45007 \drawings\borelogs\st41-es3, 11/10/94 at 10:52
o ® ® ® ® ® o
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GEOLOGIC BORING LOG sheet 1 of 1 |y
BORING NO.: ST41-ES48 =~~~ CONTRACTOR: HUGHES DRILLING DATE SPUD: 6/8/94
' CLIENT: AFCEE RIG TYPE: CME 75 DATE CMPL.: .5/8/94
JOB NO..  _722450.07 DRLG METHOD: HOLLOW STEM AUGER ELEVATION: 2107 feet MSL )
LOCATION: _ELMENDORF AFB BORING DIA.: _8 INGHES TEMP: 60 F —_
GEOLOGIST: _MS/KC DRLG FLUID: NONE WEATHER: CLOVDY »
COMMENTS: _PiD BACKGROUND = 1.7 ppm
Elev [DepthPro-] US Sample _ JSample] Penet BZ | TOL | ™
() f()} fie } CS Geologic Description No. Depth (] Type | Res JPO(ppm Tt
- 1 _{ No Sample. »
Tan to brown SLT. Trace of sand. Piant motter at 11 1 7
25 bgs. 1 foot fens of dark brown sity PEAT. 2-4 1
5 Dark brown SILT w/ troce of clay Orgonic matter. " .7
Y1 48 y :
= Grey-brown, v. fina to coorss SAND w/ sit. Moist. C 23
35 1.7
SAA with troce of gravel. Saturoted. 6-8 8 5.8 ’
Blus-grey, sity, v. fine to coorse SAND ot 9" bgs. B-10 T g::z 1.7
104 Biue~—grey, gravely SAND ot 10° bgs. MNassive.
o2 | fes f22
N 11,12
90| 17 [ ]
. 12-14 U 2118
154 14-18 O L4
Dark grey, clayey ond sondy SILT. Dense and stiff. U 1.7
Mossive. Probably Bootiegger Cove Formation. 16-18 S 15;"
[ ]
1.7
18-20 D A
20 Totol depth at 20 feet bgs.
R
I
. \ »
25- E
' - 30 »
' 35 ﬁ.
GEOLOGIC BORING LOG
NOTES SAMPLE TYPE
bgs — Below Ground Surface D - DRIVE
' - Site ST41 »
GS - Ground Surfoce C - CORE intringic Remediation EE/CA
TOC - Top of Casing G - GRAB Eimendorf Air Force Base, Alagk.
NS - Not Sampled l? PARSDNS
SAA - Same As Above ! Water level I ENDINEERING SCIBNCE, INC.
BZ - Breathing Zone — During Drilling | Denver. Colorado >

m: \45007\drawings \borelogs \st41-es4, 11/10/94 at 10:52




e e

“N

N L
GEOLOGIC BORING LOG Sheet 1 of 1
BORING NO.: _ST41-£358 CONTRACTOR: HUGHES DRILUNG _ DATE SPuD: _6/9/94
CLIENT: AFCEE RIG TYPE: CNE 75 DATE CMPL.: _5/8/84
JOB NO..  _722450.07 DRLG METHOD: HOLLOW STEN AUGER ELEVATION: 210.6 feet MSL
LOCATION: ELMENDORF AFB _ BORING DIA.: 8 INCHES TEMP: 60 _F
GEOLOGIST: _MS/KC DRLG FLUID:  NONE WEATHER: PTLY CLOUDY
COMMENTS: _PID BACKGROUND = 1.7 ppm
flev [Depth[Pro-[ US Somple TPenet Bz [0 | ™
(/) j(r) ] e ] CS Geologic Description No. Depth (#] Tyoe | Res TEX{ppm )]
- 1 _4 No Sompie.
Brown, sity, grovelly SAND to grovelly, sandy SILT. 17
SM/ Occosional cobbles. 2-4
6" recovery from 2'-4’ coused by cobbie In spoon
ML e 17
—%j— 5 j Saturoted at 5° bgs. -6 C
e o O 3.4
N 1
8-10 Fed
10 1" SAND ienses present from 10° to 12' bgs. T 7
10-12 | 3.2 :
N (]
3.4
oy — = 1017
El oot Akl B 8 .
1.7
15F7 SP | Stx growily SAND os cbowe 14-18 U !761.92r
| Sondy GRAVEL as above. 1.7
.- ] GP— ] Brown, shty v fine to fine SAND with troces of cloy e8| S
SM Dense ond Mossive. T3
20- Sp- Grey, siity v. fine to fine SAND. 18-20 D ?61.;7
; Total depth to 22’ bge. |
V
25 E
- 30 -
35
GEOLOGIC BORING LOG
NOTES SAMPLE TYPE
bgs ~ Below Ground Surface D -~ DRIVE
- Site ST41
GS ~ Ground Surfoce C - CORE Intringic Remediation EE/CA
TOC — Top of Casing G - GRAB Eimendorf Air Force Base, Alaska |
NS ~ Not Sarnpled [Epm A
SAA — Some As Above ! Water fevel I ENGINEERING SCHENCE, INC.
BZ — Breathing Zone = During Drilling | Denver, Colorado

m: <45007Kdruwinga\bordogs\st41—035, 11/10/94 ot 10:52
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, GEOLOGIC BORING LOG sheet 10t 1 s
BORING NO.: _ST41-ES1 CONTRACTOR: HUGHES DATE SPUD: 8/7/94
CLIENT: AFCEE RIG TYPE: CME 75 DATE CMPL.: 8/7/94
JOB NO.: 722450.07 DRLG METHOD: HOLLOW STEM AUGER FLEVATION: 244.5 feet MSL
LOCATION: ELMENOORF AFB ~ BORING DIA.: 8 INCHES TEMP: 60 F
' GEOLOGIST: _MS/KC DRLG FLUID:  .NONE WEATHER: PTLY CLOUDY >
COMMENTS: _PID_BACKGROUND = 1.7 ppm
aeﬂbepm Pro-] US ple Sompie] Penet TOIL |
(ft) [(ft) ] fle ] cCs Geologic Description No. Depth (1] Type | Res Ln(m
t - 1 < No Sompie. Area Excowvated. »
1.7
// Dork brown SWT with very fine sond. Trace of growal. 2-4 45 12
/ Friable. Mossive. Areas of oxidation present 23
ML
5-—1/ 4-6 C ?,.': 17
¢ 6-8 O 24 3 27 ]
SAA with o trace of cloy present. Bilocky ond dense. N 8.6
/ 8-10 T ::g 1.7
10
10-12 {il oe L7
! SAA with increased moisture neor bottom. Dense. 12-14 | U 810 1.7 »
r—!_—-15- A Atemating 3-4 * loyers of silty, fine- to madium-— 14-18 O 57 2
= 1151 SP] groined SAND with & loyers of SILT oa obowe, U [
ue— A . massi 1.7
o | Sy QAT St messe. Possiiy was | S |38,
¢ 33 1.7 .
18-20 D 7,10
20 Total Depth ot 20 feet R
I
. \E/ ’
25+
¢ [ ]
30
¢ 35 »
GEOLOGIC BORING LOG
NOTES SAMPLE TYPE
bgs — Below Ground Surface D -~ DRIVE
‘ [ ]
— Site ST41
GS Ground Surface C - CORE intrinsic Remediation EE/CA
TOC - Top of Casing G - GRAB A
NS — Not Sampled @pm
SAA — Same As Above ! Water level SCHENCE, INC.
‘ = During Drilling Denver, Colorado »
m: :45007{drawings\borelogs\stl»‘l-es‘l. 11/10/94 ot 10:52
¢ ® ® ® [ L ] o ® { ®
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‘ GEOLOGIC BORING LOG Sheet 1 of 1
BORING NO.: ST41-ES2 ~~ CONTRACTOR: HUGHES DRILLING DATE SPUD: 6/7/84
»# | CLENT: AFCEE RIG TYPE: CME 75 DATE CMPL.: 8/7/94
D) JOB NO.:  .722450.07 DRLG METHOD: HOLLOW STEM AUGER ELEVATION: 2199 feet MSL
P LOCATION:  ELMENDORF AFB ~ BORING DIA.: 8 INCHES TEMP: 60 F
GEOLOGIST: _MS/KC DRLG FLUID:  .NONE WEATHER: PTLY CLOUDY
COMMENTS: _PID BACKGROUND = 1.7 ppm
Elev [0epth[Pro~] US Sample ef PeneT[ 8z | O | ™
(/) ()] fie | CS Geologic Description No. Depth (it} Type | Res [PD{pom TE
¢ - 1 No Sample. 1 foot of topsai.
,“ PT mﬁm obo&d:n'mcnic plont matter. {oose. 2-4 C g—g e ~
ez R B
q = OL | soturated ot 6 test vy N v
A 6-8 T 2.2t e
| SP [Blus-grey. fine— to very fine—grained SAND. 8-10 I if 17
10 L1 + ] Blue—grey silty CLAY. Bootiegger Cove Formation.
C'H Total depth ot 10 feet bgs. N
« U
O
154 U
S
. +
D
20 R
I
; Vv
E
25
|
- 30~
¢ 35
GEOLOGIC BORING LOG
NOTES SAMPLE TYPE
q bgs — Below Ground Surface D - DRIVE Site ST41
GS - Ground Surface C — CORE Intrinsic Remediation EE/CA
TOC - Top of Casing G - GRAB Eimendorf Air Force Base, Alaska
NS - Not Sompled [Epm
SAA —~ Same As Above ! Water level | BCIRNCE, INC.
] BZ - Breathing Zone = During Drilling Denver, Colorado
m: \45007 \drawings\borelogs\st41-es2, 11/10/94 at 10:52
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o GEOLOGIC BORING LOG Sheet 1 of 1
BORING NO.: _ST41-E£588 CONTRACTOR: HUGHES DRILLING DATE SPUD: _6/10/94
CLIENT: AFCEE RIG TYPE: CME 75 DATE CMPL.: _8/10/84
JOB NO.: 722450.07 DRLG METHOD: HOLLOW STEM AUGER ELEVATION: 191.1 feet MSL
LOCATION: ELMENDORF AFB___ BORING DIA.: 8 INGHES TEMP: 60 F
e GEOLOGIST: _MS/KC DRLG FLUID:  NONE WEATHER: PTLY CLOUDY
COMMENTS: _PID_BACKGROUND = 1.7 ppm
Elev |Depth]Pro-] US Sample_ [Sampie] Penet BZ [TON | P
(ft) ()] fie ] cs Geologic Description No. Depth (1] Type | Res L)(m BT
. - 1 — No Sampie. Topsol and peoty material.
4 M Brown, sandy SILT. V. loose. Some piont frogments. 24 .(,, 17
A PT |Peat ~ '
enlonnd -+ Brown SILT os above. .7
) ~—] ML Pect, as abowe. Moist. 4-8 1"6!3 -
== Lii C
‘ W o [ sl o tns 300, Moot oone s | O] 52 [
V. fine to v coarse SAND w/ gravel. Occosional 8-10 N 57§ 17
cobbles. T 12
Brown SAND as obowe. 10-12 I »7
e 12-14 U ;jz 17
14-18 O gg L7
U X
16-18 S fJ :
. 1.7 -
No sampie— heaving SAND D
R
Boctiegger Cove Formation reported by “feel” I
e by driler at 22.5' bgs. V
Total depth ot 23" bga.
25 E
. 30
_ ‘
GEOLOGIC BORING LOG
NOTES SAMPLE TYPE
bgs — Below Ground Surfoce -
. (?S — Ground Surface 2 - gCR)::EE Site ST41
) Intrinsic Remediation EE/CA
TOC —~ Top of Casing G - GRAB Eimendorf Air Force Base, Alaska
NS - Not Sampled ? PARSDNS
SAA -~ Same As Above ! Water level ENDINEERING SCIENCE, ING .
° BZ - Breathing Zone During Drilling Denver, Colorado

m: \45007 \drawings \borelogs \st41-es8, 11/10/94 ot 10:52
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GEOLOGIC BORING LOG Sheet 1 of 1

BORING NQ.: _ST41-E£56€8 CONTRACTOR: HUGHES DRILLING DATE SPUD: 6/8/94
CLIENT: AFCEE RIG TYPE: CME 75 DATE CMPL.: _8/8/94
JOB NO.: 722450.07 DRLG METHOD: HOLLOW STEM AUGER ELEVATION: 203.1 feet MSL
LOCATION: _ELMENDORF AFB __BORING DIA.: B INCHES TEMP: 60 F
GEOLOGIST: _MSZKC DRLG FLUID: NONE WEATHER: PLTY CLOUDY
COMMENTS: _PID BACKGROUND = 1.7 pom

Elev |Depth|Pro-] US Samgple  [Somple] Penet Bz | TOIL | ™

(ft) J(f) { file | CS Geologic Description No. Depth (] Type | Res }PD{ppm BTE X ppm

- 1 — No Sampie.
/7/ ML BM:;.T SILT with troces of v. fine sand ond grawel. 2es 12‘2‘ 17

Brown, fine to coarse SAND with traces of growel.

3.4

SP Loose. Occasional stringers of sit present.

1.7 1.7

Brown SILT w/ traces of clay ond sand stringers.

_ - 5.5
5 M 8.7
87
6-8 6.10
L Moist at 8° b
RO o= e we | 34
SRR 8-10 8.10
104
= ML 10-12

Dark brown, v. fine to v. soorse SAND with troces

of grovel and silt. Loose ond mossive. Saturated. 12-14
Decreasing fine sond with depth.

14-16

16-18

18-20

1.7 1.7

Stopped sampling— heaving SAND.

Driller reports GRAVEL ot 22.5 bgs.

| Totat depth ot 25° bgs.

mMmM<—200 wnVCOoCZzZ——Z200

30
35
*
GEOLOGIC BORING LOG
NOTES SAMPLE TYPE
bgs ~ Below Ground Surface -
gs - Ground Surface (D: - gggg Site ST41
. Intrinsic Remediation EE/CA
TOC - Top of Casing G - GRAB ____Eimendorf Air Force Base, Alaska
NS — Not Sampled [Epm
SAA - Same As Above ! Water level RNOINEERING SCIENCE, INC.
BZ - Breathing Zone = During Drilling Denver, Colorado
m: \45007\drawings \borelogs \st41-es6, 11/10/94 ot 10:52
® ® ® ® ® ® ®
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GEOLOGIC BORING LOG Sheet 1 of 1 |9
BORING NO.: ST41-ES78 CONTRACTOR: HUGHES DRILLING __ DATE SPUD: 6/8/94
CLIENT: AFCEE RIG TYPE: CME 75 DATE CMPL: _6/9/94
JOB NO.:  _722450.07 DRLG METHOD: HOLLOW STEM AUGER ELEVATION;  _195.7 feet MSL
LOCATION: ELMENDORF AFB ~ BORING DIA.: B INCHES TEMP: 60 F >
GEOLOGIST: _MS/KC DRLG FLUID:  NONE WEATHER: PTLY CLOUDY
COMMENTS: _PID BACKGROUND = 1.7 ppm &
Elev %Deptﬂ Pro-] US Sample SompleTPenetI gz {OIL | ™
(f) F(f) ] file |} CS Geologic Description No. Depth (ft] Type | Res |PID{pprn BTEX{pom
L 1 ML No Sampie. »
o [orrorom, amy S0 e/ g™ 24 2e |12
Grey SLT w/ o trace of v. fine sand. Oxidized zones —8 1,2 1.7
present. Occosional plant frogments. C 43
h AN . 77 [z »
= G M S mend oo 1o senty os [ O] &7
Grey, grawelly very fine to very coorse SAND., Sub- N 56 1.7
onguiar to subrounded, fine to coarss grawel. 8-10 T 1'0'1
o-12] | o -
Driller changed to 18” drives at 12° bgs to ovoid over— N ! »
fill and bending of spoons. 48 1.7
12-13.5 U 1"
1.7
14-15.5 O 12
Grey fine to coarse SAND with soms gravel. Grading U 1.7
down to fine to medum SAND 16-17.5 S 121-‘2
) o
1.7
No somple— heoving SAND. D 7281 17
Blue—grey, clayey SILT. Dense ond stiff. Probobly -2 R
Bootiegger Cove Formation. Totol depth ot 21" bge. l
V ’
25+ E
)
|- 30+
= )
35 - d
GEOLOGIC BORING LOG
NOTES SAMPLE TYPE
bgs — Below Ground Surface D - DRIVE )
GS - Ground Surface C - CORE Site ST41
. Intrinsic Remediation EE/CA
TOC — Top of Casing G - GRAB Eimendorf Air Foroe Base, Alaska
NS - Not Sompled ‘E PARSONS
SAA - Same As Above Y woter level ENGINEERING SCHENCE, INC.
| BZ - Breathing Zone = During Drilling Denver, Colorado ’

M: <45007\DRAMNGS\BORELOGS\ST41—ES7, 11/10/94 AT 10:52
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T T
JOB NAME _ELMENDOR. AIR FORCE BASF

JOB NUMBER 72245007 INSTALLATION DATE ¢/ %/9¥

DATUM ELEVATION __ 247197 mse

N RECORD
WELL NUMBER S 14/~ €S/
LOCATION SITE ST41

DATUM FOR WATER LEVEL MEASUREMENT Top of QVC

GROUND SURFACE ELEVATION _ 2% 24Y.5 ‘wmss

SCREEN DIAMETER & MATERIAL 2° SCH 40 PVC

SLoT Size 0.01 *

RISER DIAMETER & MATERIAL ___2" SCH 40 PVC

BOREHOLE DIAMETER 8 INCHES

GRANULAR BACKFILL MATERIAL

™S £S REPRESENTATIVE _MS/KC

DRILUNG METHOD HOLLOW STEM AUGER

DRILLING CONTRACTOR Hushes ihoifs fiay

GROUND SURFACE —\

}———LOCKABLE STEEL

PROTECTIVE CASING
GRAVEL PAD

BENTONITE SEAL — r‘k\‘x

BLANK CASING
2" DIAMETER SCH 40 PVC

AILTER PACK= Celor 220 Silta Sad
lo- 2o

SCREEN 2" DIAMETER SCH 40 PVC
W/THREADED JOINTS
SLOT SIZE = 0.010°

P o= I Yo
,
DEPTH___ % =
=
=
—
-
- | X%EE
ToTAL DEPTH 22 =
Cm-‘r’
127 1 K
b
SCREEN LENGTH |0 |
BOREHOLE DIAMETER: 8"

NOT TO SCALE

STABIIZED WATER LEVEL 192 peet

END CAP

FROST HEAVE MONITORING
WELL INSTALLATION RECORD

BELOW DATUM. intrinsic Remediation Demonstration
TOTAL WELL DEPTH _22.L3 FEET Eimendor! Alr Force Base, Alaska
o™ (]21]9y ENGINEERING-SCIENCE, INC.
s Denver, Colorado
FRSTINST, 05/13/94 at 10:22
(] [ ] ® ® L ®




&;
N R R
J0B NAME _ELMFNDORF AR FORCE BASE weLL NuMBer ST/ - €22 ®
JOB NUMBER 722450.07 ____ INSTALLATION DATE __€/7/99 L ocAON ___SITE ST41 .
DATUM ELEVATION _ 222.7] feet- ms| GROUND SURFACE ELEVATION 2!%.9 feet |
DATUM FOR WATER LEVEL MEASUREMENT _ fop o ¥NC_ ®
SCREEN DIAMETER & MATERIAL 2° SCH 40 PVC SLOT SIZE 0.01 ~ 4
RISER DIAMETER & MATERIAL __2" SCH 40 PVC BOREHOLE DIAMETER 8 INCHES o
GRANULAR BACKFILL MATERIAL XA’ ES REPRESENTATVE _MS/KC )
DRILLING METHOD HOLLOW STEM AUGER DRILLNG CONTRACTOR _HvBues
»
r_meﬁ STEEL
ey PROTECTIVE CASING
GRAVEL PAD
GROUND SURFACE »
—\ gL ST Y . {_
: T T
( E \ou“’o“"% »
= 4 WS
- = BENTONITE SEAL — W¢ derk?
™ 3.5 =
oEP = (frwaz - 13
. ’ = BLANK CASING >» O
TOTAL DEPTH 2 _E‘ 2" DIAMETER SCH 40 PVC
=
Tos™ |3 »1 ALTER pack = coloade (i) 020
- i SCREEN 2° DIAMETER SCH 40 PVC
SCREEN LENGTH __=___ I W/THREADED JOINTS
@ SLOT SIZE = 0.010°
. : ’
Cl= END CAP
BOREHOLE DIAMETER: 8"
] NOT TO SCALE ’
FROST HEAVE MONITORING
WELL INSTALLATION RECORD
»
¢ ) STABILIZED WATER LEVEL 219 reer
y BELOW DATUM. . intrinsic Remediation Demonstratio.
ToTAL weLL oePtH (179 Feer Eimendort Alr Force Base, Alasks
BELOW DATUM. [21/94 ENGINEERING-SCIENCE, INC.
N Denver, Colorado ’

¢ FRSTINST, 05/13/94 at 10:22




Z \

FROST HEAVE MONITORING WELL INSTALLATION RECORD

JOB NAME _ELMENDORF AR FORCF BASE - WELL NUMBER _>(1(-€53
JOB NUMBER 72245007 INSTALLATION DATE _@[S[2f  ocanon __SITE ST41
DATUM ELEVATION __ 2tS.4Yy feet- ws| GROUND SURFACE ELEVATION _2'26 ~ mMs)
DATUM FOR WATER LEVEL MEASUREMENT _top of ©VC

SCREEN DIAMETER & MATERIAL 2° SCH 40 PVC SLOT SizE 0.0t *

RISER DIAMETER & MATE 2" SCH 40 PVC BOREHOLE DIAMETER 8 INCHES
GRANULAR BACKFILL M/ L ES REPRESENTATIVE _MS/KC

DRILUNG METHOD HOLLOW STEM AUGER DRILLING CONTRACTOR _tfualuss

————LOCKABLE STEEL
-~ PROTECTIVE CASING

GROUND SURFACE — | /_ GRAVEL PAD

I O TR PO

=

—BENTONITE SEA. = Clips, [y diated

- ' ANK CASING
q = B 2° AAMET™R SC; 40 PVC
TOTAL DEPTH S B
= =
= B
=1 ™ — g\(\
Jo5 1 F ALTER pack = Colo wio SR

o-202

DS
Loy
kA

SCREEN 2" DIAMETER SCi 40 PVC
W/THREADED JOINTS
SLOT SIZE = 0.010"

SCREEN LENGTH

END CAP

BOREHOLE DIAMETER: 8"
NOT TO SCALE
FROST HEAVE MONITORING
WELL INSTALLATION RECORD
) STABILIZED WATER LEVEL 2 1S reeT
y BELOW DATUM. intrinsic Remediation Demonstration
ToTAL wewL oePH IL93  Feer Eimendorf Alr Force Base, Alsska
BELOWDATWM. 4[4y ENGINEERING-SCIENCE, INC.
Denver, Colorado
FRSTINST, 05/13/94 ot 10:22
[ L [ o o ® ® o



EBQS.LHEAMLMQNIIQR[NG_HELLJN.SIALLAHQN_REC_QRQ

JOB NAME _ELMENDORF AIR FORCE BASE

WELL NUMBER STH(-SHA

J0B NUMBER 722450.07 . INSTALLATION DATE é/ﬁ’(/?f

DATUM ELEVATION 213 0% feck ws)

LOCATION SITE _ST41

DATUM FOR WATER LEVEL MEASUREMENT

GROUND SURFACE ELEVATION _ZML' A
TQ% gc P\/C

SCREEN DIAMETER & MATERIAL 2° SCH 40 PVC

SLOT SiZE 0.01 °

RISER DIAMETER & MATERIAL __2" SCH 40 PVC

BOREHOLE DIAMETER 8 INCHES

GRANULAR BACKFILL MATERIAL

ES REPRESENTATIVE _MS/KC

DRILLUNG METHOD HOLLOW STEM AUGER

DRILLING CONTRACTOR _H8he'S

-
p <

GROUND SURFACE \

}————LOCKABLE STEEL

PROTECTIVE CASING

[GRAVEL PAD

W

o
3

T

frpled vetoute

BENTONITE sea. Y

an %@s

TOTAL DEPTH _____7

Q
8
W
v
e 11 00 LU 0 0 0 L

RN
i ol gl

- IR

BLANK CASING
2" DIAMETER SCH 40 PVC

o ad

slecar savd

FILTER PACK

SCREEN LENGTH __G_‘._

SCREEN 2° DIAMETER SCH 40 PVC
W/THREADED JOINTS
SLOT SIZE = 0.010"

BOREHOLE DIAMETER: 8"

END CAP

NOT TO SCALE
FROST HEAVE MONITORING
WELL INSTALLATION RECORD
STABILIZED WATER LEVEL %39 _ reer
) BELOW DATUM. intrinsic Remediation Demonetration.
TOTAL WELL DEPTH .,’D FEET Elmendor! Alr Force Base, Alaske
L o [ 2(]54 ENGINEERING-SCIENCE, INC.
N Denver, Colorado
FRSTINST, 05/13/94 ot 10: 22
® ® o o ® ® ®

@.@ (&,
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ERD_SLHEM_MQN_II_QELNG_MLLJNEALLAILQLBEQQ&%
JOB NAME _ELMENDORF AIR FORCE BASE L/ WELL NUMBERSTH!(—€S4R

JOB NUMBER 722450.07 _ INSTALLATION DATE £/ ¥

DATUM ELEVATION 213.58  Leet st

LOCATION SITE ST41
GROUND SURFACE ELEVATION _210-7 fectms|

DATUM FOR WATER LEVEL MEASURENENT

SCREEN DIAMETER & MATERIAL 2° SCH 40 PVC

SLoT Size 0.01 °

RISER DIAMETER & MATERIAL __ 2" SCH 40 PVC BOREHOLE DIAMETER 8 INCHES
GRANULAR BACKFILL MATERIAL ES REPRESENTATIVE _MS/KC
DRILLING METHOD HOLLOW STEM AUGER DRILLING CONTRACTOR Ifug‘\PS
LOCKABLE STEEL
-~ PROTECTIVE CASING
GROUND SURFACE —\ [/ SRAVEL PAD
\)Cuk&‘\'x‘ff
1 / senTonTE sea. Ly dezfd L clps
pePM__ '
B O DIAMETER SCH 40 PVC
TOTAL DEPTH

FILTER PACK Qp(om«(o e soud
20

SCREEN 2° DIAMETER SCH 40 PVC

SCREEN LENGTH _5___

W/THREADED JOINTS
SLOT SIZE = 0.010"

END CAP

BOREHOLE DIAMETER: 8™

NOT TO SCALE

STABILZED WATER LEveL 2: 2% reer
BELOW DATUN.

;chL wewL pepTH 20:8¢ et
OW DATUM.
MEASURED ON 2% foT{'“ i

FROST HEAVE MONITORING
WELL INSTALLATION RECORD

intrinsic Remedistion Demonstration
Eimendorf Alr Force Base, Alaska

ENGINEERING-SCIENCE, INC.

Denver, Colorado

FRSTINST, 05/13/94 ot 10:22

@ o



FROST HEAVE MONITORING WELL INSTALL ATION RECORD

JOB NAME _ELMENDORF AIR FORCF BASE

y [ WELL NUMBER ST4(— 357

JOB NUMBER 722450.07  INSTALLATION DATE

DATUM ELEVATION 213.03 7 ms!

DATUM FOR WATER LEVEL MEASUREMENT

SITE ST41

ﬁé%?j_ LOCATION
GROUND SURFACE ELEVATION _210-7~ ws”

Lg% e

SLOT SiZe 0.01 *

SCREEN DIAMETER & MATERIAL 2° SCH 40 PVC
RISER DIAMETER & MATERIAL ___2" SCH 40 PVC

BOREHOLE DIAMETER 8 INCHES

GRANULAR BACKFILL MATERIAL

ES REPRESENTATIVE _MS/KC

DRILUNG METHOD HOLLOW STEM AUGER

DRILLING CONTRACTOR ¢

GROUND SURFACE \

Y i me DN e P20

—3
3

0§00 6000

4
TOTAL DEPTH i__

il

0.5’

ERERE (1

}———LOCKABLE STEEL

PROTECTIVE CASING

/—GRAVEL PAD
CRE

oxkevite
BENTONITE SEAL — MM (D chrgs

BLANK CASING
2" D'AMETER SCH 40 PVC

ALTER Pack 0 -2€  sdica savd

SCREEN 2" DIAMETER SCH 40 PVC

SCREEN LENGTH __é_

W/THREADED JOINTS
SLOT SIZE = 0.010°

BOREHOLE DIAMETER: 8~

NOT TO SCALE
) STABILZED WATER LeveL ' reer
BELOW DATUN.
TOTAL WELL DEPTH (2-O1  reer
BELOW DATUM.
MEASURED ON (QL-LJ‘ e¢

END CAP

FROST HEAVE MONITORING
WELL INSTALLATION RECORD

intrinsic Remediation Demonetratio.
Eimendor! Alr Force Base, Alaska

ENGINEERING-SCIENCE,INC.

Denver, Colorado

FRSTINST, 05/13/94 ot 10:22

(a




FROST HEAVE MONITORING WELL INSTAILATION RECORD

JOB NAME _ELMFNDORF AIR FORCE BASE ./ WELL NUMBER STY(-ESSB
JOB NUMBER 722450.07  INSTALLATION DATE ﬁ%‘%ﬁ/__ LOCATION ___SITE_ ST41
DATUM ELEVATION 23.23  Feek wol GROUND SURFACE ELEVATION _2(0: & Feet- wsf

DATUM FOR WATER LEVEL MEASUREMENT

SCREEN DIAMETER & MATERIAL 2° SCH 40 PVC

"(-‘B et ONC

SLOT Size 0.01 ~

RISER DIAMETER & MATERIAL __2" SCH 40 PVC

BOREHOLE DIAMETER 8 INCHES

GRANULAR BACKFILL MATER/AL

ES REPRESENTATIVE _MS/KC

DRILUNG METHOD HOLLOW STEM AUGER

DRILUNG CONTRACTOR _Highe®

GROUND SURFACE --\

]

TN
R 111 111

SCREEN LENGTH .._____‘S

BOREHOLE DIAMETER: 8"

NOT TO SCALE

stagzed waTeR Lever 337 reer

BELOW DATUM.
ToTAL weLL oepTH 2649 reer
BELOW DATUM.
MEASURED ON é»/ z / 24

LOCKABLE STEEL
—~, PROTECTIVE CASING

/—-GRAVEL PAD

sENTONTE e NG ST /\Cc"%fS

BLANK CASING
2" DIAMETER SCH 40 PVC

FILTER PACK SE((M‘ 2 g'a»l¢
(0-2©

SCREEN 2" DIAMETER SCH 40 PVC
W/THREADED JOINTS
SLOT SIZE = 0.010°

END CAP

FROST HEAVE MONITORING
WELL INSTALLATION RECORD

intrinsic Remediation Demonstration
Elmendorf Alr Force Base, Alaska

ENGINEERING-SCIENCE,INC.

Denver, Colorado

FRSTINST, 05/13/94 at 10:22




NIT R {I
JOB NAME _ELMENDORF AR FORCE BASE weLL NumMBER S (- €344
JOB NUMBER 722450.07  INSTALLATION DATE ‘0[ Q[‘?*L LOCATION ___ SITE ST41
DATUM ELEVATION 207,36~ wS| GROUND SURFACE ELEVATION _207.8~ w
DATUM FOR WATER LEVEL MEASUREMENT Tep of V&
SCREEN DIAMETER & MATERIAL 2" SCH 40 PVC SLOT SIZE 0.0 °
RISER DIAMETER & MATERIAL __2" SCH 40 PVC BOREHOLE DIAMETER 8 INCHES
GRANULAR BACKFILL MATERIAL ES REPRESENTATIVE _MS/KC
DRILLING METHOD HOLLOW STEM AUGER DRILLING CONTRACTOR Hughee

| ——— LOCKABLE STEEL
. PROTECTIVE CASING

GROUND SURFACE — [/ CRAEL PAD

B raxr TN AN E

-3
3

BENTONITE SEAL Wy di2ted claps [t
Yeag i U“'P/wa\/ to

Svnd  guef

TR

BLANK CASING
2" DIAMETER SCH 40 PVC

TOTAL DEPTH __H.___

& N i nnnimnnin

ALTER Pack  Colorzdo Stltea sznd,
(O - 20

<>
~
\
1]

AT

.00, A

SCREEN 2" DIAMETER SCH 40 PVC
JOINTS
SLOT NZE = 0.010"

SCREEN LENGTH ___._g

END CAP

«e@c @

X

BOREHOLE DIAMETER: 8"

NOT TO SCALE

FROST HEAVE MONITORING
WELL INSTALLATION RECORD

STABILIZED WATER LEVEL 1377 reer

BELOW DATUM. 1 intrinsic Remedistion Demonstratio..
TOTAL WeLL DEPTH Y747 Feer Elmendorf Alr Force Base, Alaska
BELOW DATUM.

2 ?"" ENGINEERING-SCIENCE,INC.
MEASURED ON @L s

Denver, Colorado

FRSTINST, 05/13/94 ot 10:22




FROST HEAVE MONITORING WELL INSTALLATION RECORD

JOB NAME _ELMENDORF AIR FORCE BASE

WELL NUMBER ST4(- €568

JOB NUMBER 722450.07 INSTALLATION DATE
DATUM ELEVATION _ 205.%9 feck wms|

2 [/
o84 LOCATION ___ SITE_ST41
GROUND SURFACE ELEVATION __203.! feet ws |
o ev<

DATUM FOR WATER LEVEL MEASUREMENT top
SCREEN DIAMETER & MATERIAL 2° SCH 40 PVC

SLOT SIZE _0.01 °

RISER DIAMETER & MATERIAL 2" SCH 40 PVC

BOREHOLE DIAMETER 8 INCHES =~~~

GRANULAR BACKFILL MATERIAL

ES REPRESENTATIVE _MS/KC

DRILLING METHOD HOLLOW STEM AUGER

DRILLING CONTRACTOR ftvges

LOCKABLE STEEL

GROUND SURFACE —\

PROTECTIVE CASING

GRAVEL PAD

T = ST
— - 3° “‘/"'7‘{\'.{ c‘xt/; — b ;upfbl"(‘ sHek-op
= (?i)j
20 2 E BENTONTE SEAL - Fol of chipe plove
e 2 5 E fithr prok; YR
= ;; hen o f& 3("9‘)
, = _E: BLANK CASING
totaL pEPTH 2 = % zo Sen 40 Pve

FILTER PACK @(@w <ilica sand

Y

Y

AT BT

oo

SCREEN 2" DIAMETER SCH 40 PVC

SCREEN LENGTH ___S:__

W/THREADED JOINTS
SLOT SIZE = 0.010"

END CAP

BOREHOLE DIAMETER: 8"

NOT TO SCALE

STABILIZED WATER LEVEL V3-89 peer

BELOW DATUN. ;o
YOTAL WELL DEPTH 29-15  peeT
BELOW DATUN.

MEASURED ON b[‘&{[ 94

FROST HEAVE MONITORING
WELL INSTALLATION RECORD

intrinsic Remediation Demonstration
Eimendorf Alr Force Base, Alssks

ENGINEERING-SCIENCE,INC.

Denver, Colorado

FRSTINST, 05/13/94 ot 10:22




10
JOB NAME _ELMENDORF AIR FORCE BASE

ON RECOR

JOB NUMBER 72245007 INSTALLATION DATE é[ /94

DATUM ELEVATION ©@%.5%5 Leek mo

SITE ST41

DATUM FOR WATER LEVEL MEASUREMENY

LOCATION

GROUND SURFACE ELEVATION _(95.9 feet

eve

SCREEN DIAMETER & MATERIAL 2 SCH 40 PVC

T@D o'@
\

SLOT SiZE 001 °

RISER DIAMETER & MATERIAL __ 2" SCH 40 PVC

BOREHOLE DIAMETER 8 INCHES

GRANULAR BACKFILL MATERIAL

ES REPRESENTATIVE _MS/KC

DRILUNG METHOD HOLLOW STEM AUGER

DRILLING CONTRACTOR HU3kes

WELL NUMBER ST H-€57H/

J=——LOCKABLE STEEL

PROTECTIVE CASING

b

w
\

-

ALTer Pack silica sand

GROUND SURFACE N\ /—GRAVEL PAD
Y et 22D A!.’Y).r-.V_; T by

TR =i= e
o
= =
= - H
= B
=

== o
4 < ‘B E sentonTe sea— hydrated  claps
DEPTH ' ° = E
S B
b~
= B
4 = E BLANK CASING

O 5 E 2" DIAMETER SCH 40 PVC
TOTAL DEPTH ( = E
— =
5 E

\o - 20

SCREEN 2° DIAMETER SCH 40 PVC

SCREEN LENGTH

W/THREADED JOINTS
SLOT SIZE = 0.010°

END CAP

BOREHOLE DIAMETER: 8"

NOT TO SCALE

stagLzeD waTeR Lever (292 et
BELOW DATUN.

ToTAL weLL pepd 12.99  reet
BELOW DATUM. , [ad

MEASURED ON _ ©[Z

FROST HEAVE MONITORING
WELL INSTALLATION RECORD

Intrinsic Remediation Demonstratios.
Elmendorf Alr Force Base, Alasks

Denver, Colorado

FRSTINST, 05/13/34 at 10:22




E A
' J0B NAME _ELMENDORF AR FORCE BASE

N A R R
WELL NUMBER STH(-ESTE

JOB NUMBER 72245007 INSTALLATION DATE éf?/%‘

DATUM ELEVATION _ '3 o4 ~ ws|

LOCATION SITE ST4I

DATUM FOR WATER LEVEL MEASUREMENT

GROUND SURFACE ELEVATION (357 wis )
To—P Crsivg (Pve)

SCREEN DIAMETER & MATERIAL 2° SCH 40 PVC

SLOT SIZe 0.01 °

RISER DIAMETER & MATERIAL __ 2" SCH 40 PVC
GRANULAR BACKFILL MATERIAL

BOREHOLE DIAMETER 8 INCHES
ES REPRESENTATIVE _MS/KC

DRILLING METHOD HOLLOW STEM AUGER

DRILLING CONTRACTOR étodles

GROUND SURFACE —\

LOCKABLE STEEL
PROTECTIVE CASING

s L e T g A —

/—GRAVEL PAD
RS
Lot Wwydanted
BENTONITE SEAL ~ \\,,o.;\l-sw\ Le cwlgs,
tHhen beud . g oot
27 ‘»35 Chips te
sorfoce, wydoolat @

BLANK CASING 4‘-'?(””' pret. 22y

]
EE)
S 00 0 g e

e N

i

2" DIAMETER SCH 40 PVC

FILTER PACK

SCREEN 2° DIAMETER SCH 40 PVC

SCREEN LENGTH ___ 2 |.

W/THREADED JOINTS
SLOT SIZE = 0.010"

BOREHOLE DIAMETER: 8"

NOT TO SCALE

STABILIZED WATER LEVEL (-0 % _ FEET

BELOW DATUM.

TOTAL weLL pepTH 229 reer
BELOW DATUM.

MEASURED ON 6{ (84

END CAP

FROST HEAVE MONITORING
WELL INSTALLATION RECORD

Intrinsic Remediation Demonstration
Eimendorf Alr Force Base, Alaska

ENGINEERING-SCIENCE,INC.
Denver, Colorado

FRSTINST, 05/13/94 at 10:22

™
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DATUM ELEVATION pec— (9350 Leet ws|

FROST HEA TORI N RECORD __ .,
JOB NAME _ELMENDORF AIR FORCE BASE . WELL NUMBER &S
JOB NUMBER 722450.07 INSTALLATION DATE _&/r0/99 | ocanon ___SITE STt

GROUND SURFACE ELEVATION _8(-1 fect
DATUM FOR WATER LEVEL MEASUREMENT __lep Crstny

SCREEN DIAMETER & MATERIAL 2" SCH 40 PVC

SLOT SizE _0.01 °

RISER DIAMETER & MATERIAL __2" SCH 40 PVC

BOREHOLE DIAMETER 8 INCHES

GRANULAR BACKFILL MATERIAL

ES REPRESENTAMVE _MS/KC

DRILUNG METHOD HOLLOW STEM AUGER

DRILLING CONTRACTOR lemes

LOCKABLE STEEL
peray PROTECTIVE CASING
GROUND SURFACE — GRAVEL PAD
Y o S '.)Z"-'i N
ST = B
=
Sz
ElZE
= =
= B
5 B bt - oy
{ — = e * oS
t_;(t"" = B BENTONITE SEAL - M\,dmkd s
o M2 ” VT B B
=
=5 B
=
. — =
i . = B BLANK CASING
- \O S B 2" DIAMETER SCH 40 PVC
TOTAL DEPTH _V>2 = E
=S B
O.‘J\M S5 FILTER PACK (0720 X

SCREEN 2° DIAMZTER SCH 40 PWC

]
SCREEN LENGTH __ 2

W/THREADED JOINTS
SLOT SIZE = 0.010°

BOREHOLE DIAMETER: 8"

END CAP

NOT TO SCALE

FROST HEAVE MONITORING
WELL INSTALLATION RECORD

L’ STABLIZED WATER LEVEL @3 ey " o on ratio.

) ATUM. trinsic Remedia Demonstration.

1 TOTAL WeLL DEPTH X3\ 297 pepy Eimendor! Alr Force Base, Alaske

BELOW DATM. /54 ENGINEERING-SCIENCE, INC.
Denver, Colorado
FRSTINST, 05/13/94 at 10:22
[ ) o [ ® o ® o [ J
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FROST HEAVE MONITORING WELL INSTALLATION RECORD

JOB NAME _ELMENDORF AIR FORCE BASE

WELL NUMBER STH(-cS38

JOB NUMBER 722450.07  __ INSTALLATION DATE QTJ?«I

DATUM ELEVATION __(23% %9 wis |

LOCATION SITE ST41

GROUND SURFACE ELEVATION ({1

DATUM FOR WATER LEVEL MEASUREMENT

™S |

SCREEN DIAMETER & MATERIAL 2° SCH 40 PVC

Toj‘> evC

SLOT size _0.01 °

RISER DIAMETER & MATERIAL __2" SCH 40 PVC

BOREHOLE DIAMETER 8 INCHES

GRANULAR BACKFILL MATERIAL

ES REPRESENTATIVE _MS/KC

DRILLING METHOD HOLLOW STEM AUGER

DRILLING CONTRACTOR _X 3k

f

LOCKABLE STEEL

GROUND SURFACE —\

I o Tt 20

=

PROTECTIVE CASING

/—GRAVEL PAD

e

— hederkd chips 2 vk
= BENTONITE SEAL vs\m s

?ac.ﬁl“ soot ‘GO
27 bgs) éw%s o
93 {nydrated)
BLANK CASING
2" DIAMETER SCH 40 PVC
6 d
FILTER PACK Sc((CZ’ soh
9(ze

/
SCREEN LENGTH S _

SCREEN 2" DIAMETER SCH 40 PVC
W/THREADED JOINTS
SLOT SIZE = 0.010"

BOREHOLE DIAMETER: 8~

END CAP

NOT TO SCALE
FROST HEAVE MONITORING
WELL INSTALLATION RECORD
) STABIUZED WATER LEVEL £-1%  FEET
BELOW DATUM. intrinsic Remediation Demonstration
TOTAL werL DEPTHZS 81 Feer Eimendort Alr Force Base, Alssks
BELOW DATUM. [ | fod ENGINEERING-SCIENCE, INC.
- ’ Denver, Colorado
FRSTINST, 05/13/04 ot 1022
® ° ° ° ° ° 'Y
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Ref: 94-DKl4/vg
July 21, 1994

Dr. Don Kampbell

R.S. Kerr Environmental Research Lab
U.S. Environmental Protection Agency
P.O. Box 1198

Ada, OK 74820

THRU: S.A. Vandegrift&Y
Dear Don:

This report contains the results of my GC/MSD analysis of
methylene chloride core extracts from Elmendorf AFB for
quantitation of benzene, toluene, ethylbenzene (EB), p-Xylene, m-
Xylene, o-Xylene, 1,3,5-trimethylbenzene (1,3,5-TMB), 1,2,4-
trimethylbenzene (1,2,4-TMB) and 1,2,3-trimethylbenzene (1,2,3-
TMB) performed under Service Request #SF-0-65.

The analytical method was a modification of RSKSOP-124.
Cool (38°C) on-column injection (0.5 ul) was used with electronic
pressure control (EPC) set for a constant flow of 0.9 ml/min. A
30M X 0.25 mm Restek Stabilwax (Crossbonded Carbowax-PEG, 0.5 um
film) capillary GC column with 1 foot long X 0.53 mm ID uncoated
capillary precolumn was used. Quantitation was based on
calibration curves of a single target ion for each compound with
the addition of up to two qualifier ions recorded to verify
chromatographic separation or purity. The ions chosen were those
listed in EPA method 524.2 Revision 3.0. Standards calibration
ranged from 0.01 to 10 pg/ml. A complete report detailing the
acquisition method and calibration has been recorded. The
samples were extracted by Mark Blankenship on June 15, 1994 and
were analyzed for fuel carbon (GC/FID) by Randy Callaway. This
GC/MSD data was acquired July 13-14, 1994.

If I can be of further assistance, please feel free to
contact me.

Sincerely,
T A Kovece
David A. Kovacs
xc: R.L. Cosby

J.L. Seeley ?Z/ -
G. Smith

ManTech Environmental Research Services Corporation

R.S. Kerr Environmental Research Laboratory, PO. Box 1198, 919 Kerr Research Drive
Ada, Okishoma 748211198  405-436-8660  FAX 405-436-8501
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Ref: 94-PR68/rc
94-MW63/xcC
94-TH66/xrC

June 14, 1994

Dr. Don Kampbell

R.S. Kerr Environmental Research Lab
U.S. Environmental Protection Agency
Post Office Box 1198

Ada, OK 74820

THRU: S.A. Vandegrift.sﬁﬂ/
Dear Don:

Attached are the results of 2 sets of Elmendorf AFB samples
submitted to ManTech Environmental as part of Service Request § RE-
0-65. The samples were received on June 9 and 10 and analyzed June
9 and 13. The methods used for analysis were EPA methods 120.1 and
353.1, and Water’s Capillary Electrophoresis Method N-601. Blanks,
spikes, duplicates and known AQC samples were analyzed along with
the samples for quality assurance.

If you have any questions concerning these results, please
feel free to contact us.

Sincerely,

e

Priscilla Rhynes

Al

Mark White

1 msles

Tim Hensley

xc: R.L. Cosby
J.L. Seeley

ManTech Environmental Research Services Corporation

R.S. Kesr Environmental Research Laboratory, PO. Box 1198, 919 Kerr Research Drive
Ada, Okiahoms 748211198  405-436-8660 FAX 405-436-8501
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Sample

ST41 W7
ST41 W7 Dup
ST41 W8
ST41 15
ST41 15 Dup
ST41 16
ST41 18
ST41 21
ST41 21 Dup
ST41 25
ST41 29
46WL 01
46WL 01 Dup
46WL 02
46WL 03
MW37A

MW37B

MW37B Dup
Blanks
AQCWPO31
True Value

Spike Recovery

Sample

QU4W~-2
OU4W~4
OU4W-4 Rep
0U4wW-~-5 :
OU4W-5 Dup
ST41-01
ST41-01 Rep
ST41-2
ST41-2 Dup
ST41-07
ST41-07 Rep
wW-18

W-18 Dup
W-19

W-19 Dup
Blanks
AQCWPO31
True Value

mg/1l
Cl-

54.3

33.6
74.0
73.6
36.6
31.9
126

135

14.5
41.1
40.9
17.7
33.1
3.50
6.94

<.5

44.9
42.0
101%

mg/1

13.3
7.71
7.68
19.5

4.36
4.55
37.12
37.8
73.9
74.0
7.40

13.7
<.5

42.5
42.0

Spike Recovery 97%

Rep - field duplicates

Dup - analytical duplicates

06/07/94
mg/1l mg/1
80’ NO +NO . (N)
24.6 <.05
7.19 1.04
18.9 <.08
18.8
9.52 <.05
55.0 12.1
10.3 <.05
<.05
<.5 <.05
8.26 <.05
5.04 <.05
5.09
5.83 <.05
7.60 .54
4.14 <.05
8.44 “<.05
<.05
<.5 <.05
96.2 <45
92.0 .52
103% 98%
06/08/94
mg/1 mg/1
13.0 3.23
8.41 1.71
8.76 1.90
13.6 8.88
8.88
15.0 .70
14.9 .65
35.4 1.03
35.2
10.4 <.05
10.2 <.05
10.3 <29
.30
21.6 7.44
<.5 <.05
93.0 .50
92.0 .52
104% 100%
®

Ccenductivity

855
859
391
942

2050
642
734

1150
226
410
411
184
333
112
387

-——— -
—————e -
—-————

Conductivity

670
713
703
659

945
938
1040

697
713
877

776
776

-
————
——
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Ref: 94-LB¢
June 29, 1994

Dr. Don Kampbell

R.S. Kerr Environmental Research Lab
U.S. Environmental Protection Agency
P.O. Box 1198

Ada, OK 74821-1198

THRU: Steve Vandegrift 5

Dear Don:

Please find attached the analyti:al results for Service
Request SF-0-65 for the analysis of aqueous samples from Elmendorf
AFB to be analyzed for BTEXXX & TMBs. A total of 53 Samples were
received in duplicate in capped, 40 mL VOA vials between the dates
of June 17-27, 1994. All samples were stored at 4°C until analyzed
and were acquired and processed using the MAXIMA data system. A 4
point (1-500 ppb) external calibration curve was used to determine
compound concentration.

At your request sample "OU4W-3" was analyzed for Vinyl
Chloride, 1,1-DCE, trans- & cis-DCE, and TCE. A 3 point (1-100
ppb) external standard curve was used for this analysis.

RSKSOP-133 "Simultaneous Analysis of Aromatics and Total Fuel
Carbon by Dual Column-Dual Detector for Ground Water Samples" and
RSKSOP-~146 “"Automated Purge and Trap/GC Analysis of Vinyl Chloride

and other Volatile Chlorocarbons in Aqueous Samples Containing
Particulates"” were used for these analyses.

Sincerely,

Ao Block

Lisa R. Black

xc: R.L.Cosby .
J.L. Seeley,?b

ManTech Environmental Research Services Corporation

RS. Kerr Environmental Research Laboratoey, PO. Box 1198, 919 Kerr Research Drive
Ada, Okiahoma 748211198 4054368560 FAX 4054368501
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rFa ELMENDORF AIR FORCE BASE - ALASKA
N FIELD DATA
Sample # | Date Redox | Cond pH Total | Ferrous | Hydrogen
alk iron solfide
mg/1l mg/l mg/l
Caco,
46WLO1 6-07-94 | -24 432 6.3 150 9.1 <.1
46WL02 6-07-94 | 102 190 6.1 61 2.1 ---
46WL03 6-07-94 | 119 340 6.7 108 <.05 ---
MW37A 6-07-94 | 104 114 7.1 S0 <.05 ---
MW37B 6-07-94 | -25 388 7.4 170 <.05 <.1
ST41-29 | 6-07-94 10 232 6.1 92 .7 <.1
ST41-W8 | 6-07-94 20 402 6.9 49 <.05 ---
ST41-W7 | 6-07-94 | 115 880 7.5 388 <.05 ---
ST41-25 | 6-07-94 | -53 | 1224 6.8 460 10.5 <.1
ST41-21 | 6-08-94 | 258 755 6.3 150 <.05 <.1
ST41-15 | 6-08-94 15 961 6.8 375 1.0 ---
ST41-16 | 6-08-94 | -30 | 2170 6.6 | 1210 40.5 ---
ST41-18 | 6-08-94 | 110 647 6.4 223 <.05 <.1
ST41-2 6-08-94 121 1039 6.7 554 <.05 -——
W-19 6-08-94 | 165 876 7.0 347 <.05 ---
w-18 6-08-94 | -120 902 7.0 467 4.3 <.l
OU4W-2 6-08-94 33 683 7.2 326 <.05S ---
° ° ® ® e
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ELMENDORF AIR FORCE BASE - ALASKA

FIELD DATA

Sample # Date Redox Cond pH Total | Ferrous

alk iron

mg/l mg/l

caco,
ST41-01 6-09-94 -— 954 7.1 512 <.05
ST41-07 6-09-94 --- 702 7.2 270 .2
OU4w-4 6-09-94 -80 733 7.1 353 4.6
QU4W-5 6-09-94 60 662 7.1 274 <.05
OU4w-~3 6-09-94 -20 834 7.0 428 .4
OU4W-10 6-09-94 20 544 6.9 265 .3
QU4W-1 6-09-94 -39 1013 6.9 456 2.9
SP7/10-02 | 6-09-94 40 790 6.9 269 <.05
W-9 6-09-94 123 812 7.0 345 <.0S
ST41ES4A | 6-10-94 168 214 6.1 76 <.05
ST41ES4B | 6-10-94 20 660 6.6 251 2.1
ST41ESS5A | 6-10-94 126 109 6.7 47 <.0S
ST41ESS5B | 6-10-94 91 280 7.9 115 <.05
ST41ES1 6~10-94 110 1060 6.8 481 <.05
ST41ES2 6-10-94 11 747 6.7 271 3.6
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ELMENDORF AIR FORCE BASE -~ ALASKA

FIELD DATA
Sample Date Redox Cond pH Total Ferrous
alk iron
mg/1l mg/1
CaCo,
ST41ES7A | 6-11-94 ~10 661 6.5 325 29.8
ST41ES7B{ 6-11-94 47 499 6.5 210 1.1
ST41ES8BA | 6-11-94 ~12 340 6.5 159 14.3
ST41ES8B | 6-11-94 ~12 348 7.6 167 <.05
ST41ES6A | 6-11-94 105 124 6.6 63 <.05
ST41ES6B | 6-11-94 42 213 7.8 109 <.05
ST41ES3 | 6-11-94 46 449 7.9 176 <.05
ESMW1A 6-11-94 152 632 6.4 310 .7
ESMW18 6-11-94 ~-20 876 6.9 460 9.0

)
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Ref: 94-PR77/vg

July 1, 1994

Dr. Don Kampbell

R.S. Kerr Environmental Research Lab
U.S. Environmental Protection Agency
Post Office Box 1198

Ada, OK 74820

THRU: S.A. Vandegrift ¢ MY
Dear Don:

Attached are the results of 11 Elmendorf AFB samples submitted
to ManTech as part of S.R. #SF-0-65. The samples were received on
June 24 and 27 and analyzed June 27, 28, and 29, 1994. The methods
used for analysis were EPA Methods 120.1, 310.1, and 353.1 and
Water’s capillary electrophoresis method N-601. Quality assurance
measures performed on this set of samples included spikes,
duplicates, known AQC samples and blanks.

If you have any questions concerning these results please feel

free to contact me.
SM

Priscilla Rhynes
xXc: R.L. Cosby

J.L. Seeley
M. Cook

ManTech Environmental Research Services Corporation

R.S. Kerr Environmental Research Laboratory, PO. Box 1198, 919 Kerr Research Drive
Ada, Oklahoma 74821-1198  405-436-8660 FAX 4054368501




7.
)
mg/1 mg/1 mg/1 Total
P Sample NO ,+NO '\ (N) (+3 N 807, Cond. Alkalinity
\
ES MW 02 9.10 3.14 21.3 865 365 )
ES MW 3A 7.64 8.04 2.12 817 386
ES MW 3B 1.13 5.64 8.14 793 385 &
ES MW 3B Dup 1.09 5.79 8.28 ~
ES MW 4A 9.98 3.09 26.7 KE:%:) 115
ES MW 4B .24 2.74 27.7 272 93.9
ES MW SA 4.58 4.26 15.0 558 230 )
ES MW SB .68 1.72 22.5 312 114
ES MW 6A 49.2 5.36 17.3 1140 368
ES MW 6B .60 6.89 4.32 780 380
ES MW 7A 3.08 4.69 4.47 799 393
ES MW 7A Dup 3.02 800 393
ES MW 7B .23 4.82 8.78 827 406 )
) .
Blanks <.05 <.05 <.05 -—- -——-
AQCWPO31 .54 40.7 89.1 ~— -——-
True Value .52 41.2 92.0 -— -—-
Spike Rec. 96% 97% 95% —-—— ——
) )
. PY ’ @
. )
¢ »
o )
o ]
>




Ref: 94-BN36/vg

July 5, 1994

Dr. Don Kampbell

R.S. Kerr Environmental Research Lab
U.S. Environmental Protection Agency
P.O. Box 1198

Ada, OK 74820

THRU: S.A. Vandegrift é“'\l
Dear Don:

Find attached results for methane on Elmendorf AFB samples as
per Service Request #SF-0-65. Samples were received on June 9, 10,
14, 24, and 27, 1994 and analyzed on June 13, 16, and 29, 1994.
Samples were prepared as described in the paper "Dissolved Oxygen
and Methane in Water by a GC Headspace Equilibration Technique", by

Kampbell et al., in International Journal of Environmental
Analyvtical Chemistry, Volume 36, pp.249-257. Analysis and
calculations were performed as per RSKSOP-147.

If you have any questions, please feel free to see me.

Sincerely,

Bruge “P*‘ﬂ

Bryan Newell

xc: R.L. Cosby
J.L. Seeley;&‘

ManTech Emironmental Research Services Corporation

RS. Kerr Environmental Research Laboratosy, PO. Box 1198, 919 Kerr Research Drive
Ada, Oklahoma 74821-1198  405-436-8660 FAX 405-436-8501

*
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ANALYZED 6/13/94

SAMPLE METHANE
LAB BLANK BLQ
ST41-01 BLQ
ST41-02 0.008
ST41-07 0.054
ST41-W7 0.489
* FIELD DUP 0.503
ST41-W8 BLQ
- 8T41-15 0.001
ST41-16 0.046
ST41-18 0.040
ST41-21 0.003
ST41-25 0.922
ST41-29 0.044
MW37A BLQ
Mwa7s 0.002
OU4W-2 0.008
OU4W-4 0.993
OU4W-5 0.001
W-18 6.020
W-19 0.004
* LAB DUP 0.003
46WLO1 0.519
46WL02 BLQ
46WLO03 0.001

SAMPLE

LAB BLANK
OU4W-1
* FIELD DUP
OuU4w-3
W-9
OuU4w-10
ESMW-1A
ESMw-18
ST41-ES1
ST41-ES2
ST41-ES3
ST41-ES4A
ST41-ES4B
ST41-ES5A
ST41-ES58

ANALYZED 6/16/94

METHANE

BLQ
4.079
4.774
0.136
0.002

BLQ
2.373
8.500
0.004
1.481
0.002
0.001
0.051

BLQ
0.052

SF-0-65 DATA

Page 1




SAMPLE METHANE
ST41-ESSA BLQ
ST41-ESSB 0.006
ST41-ES7A 1.553
ST41-ES78B 0.194
*LAB DUP 0.180
ST4: =S8A 0.811
ST41-ES8B 0.007
SP7/10-02 0.001
* FIELD DUP 0.001

ANALYZED 6/29/94

SAMPLE METHANE
LAB BLANK BLQ

ESMW2 BLQ

ESMW3A 0.063

ESMW3B 0.192

ESMW4A BLQ

ESMW48 0.063

ESMW5A BLQ

ESMWSB 0.133

ESMW6A BLQ

ESMWeéB 0.344

ESMW7A 0.002

ESMW7B 0.008
" LAB DUP 0.007

STANDARDS METHANE

10 PPM CH4 9.57
100 PPM CH4 103.54
1060 PPM CH4 999.65

1% CH4 1.04
4 % CH4 3.81
10 % CH4 10.07
LOWER UMIT OF QUANTITATION
0.001
ND DENOTES NONE DETECTED.

SF-0-65 DATA

BLQ DENOTES BELOW UMIT C+ QUANTITATION.

Page 2

s
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SF-0-65 DATA

&  UNITS FOR SAMPLES ARE mg/L_
N UNITS FOR STANDARDS CORRESPOND TO THE UNITS
IN THE SAMPLE COLUMN.

Page 3
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Ref: 94-RC25/vg

A4

July 7, 1994

Dr. Don Kampbell
R.S. Kerr Environmental Research Lab
. U.S. Environmental Protection Agency »
P.O. Box 1198
Ada, OK 74820
THRU: S.A. Vandegrift 5%

Dear Don: »

Attached is a report of the data-generated from the analyses
of 24 sample core extracts from Elmendorf AFB, AK. The extracts,
which were submitted under Service Request #SF-0-65, were analyzed
for total fuel content as JP-4 jet fuel only. The reported values
for fuel carbon were computed from the JP-4 determinations. I have

¢ also attached a report of the gquality control analyses that were
performed concurrently with the sample analyses.

Data quantification, peak identification, component
concentration calculations, and dilution factor corrections were
performed with MAXIMA chromatography software. JP-4 data was

® ¢ quantified with a 7-point external standard calibration curve »
ranging from 50-50,000 ng/ul.

The Minimum Quantifiable Limit of JP-4 in these samples is
14.79 ug/g. Please refer to ManTech report letter 93-RC1l9/vg,
dated October 29, 1993, for a detailed explanation of the
e calculations used to arrive at this value.

Sample extracts were received June 16 and 27, 1994. Analyses
were started June 16, 1994 and completed June 28, 1994. Sample
extracts and quality control samples were analyzed according to
RSKSOP-72, Rev. #1, excepting the modifications listed in the

e attached outline.

Singérely,

% éé (ﬁ4a?¢a4
e Rgndy llaway 4?3- . ’

xc: R.L. Cosby -
J.L. Seeleyiek . .

ManTech Environmental Research Services Corporation

RS. Kerr Environmental Research Laboratory, PO. Box 1198, 919 Kerr Research Drive
Ad2, Oklzhoma 74821-1198 405436-8660 FAX 405-436-8501
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P I. HPS890 GC ~ OPERATING CONDITIONS
N A. Instrument Control
1. Analyses: “EGLIN AFB"
2. Program: "“RWC-AS1lO0"
3. Calibration: "“BTEX-13JUN94"
B. Temperature Program
1. Initial Temp & Time: 10°C for 3.00 min
2. Level 1: Rate = 4°C/min to 70°C, Final Time = 0.00
3. Level 2: Rate = 1.0°C/min to 75°C, Final Time = 0.00
4. Level 3: Rate = 10°C/min to 290°C, Final Time = 15.50
5. Run Time: 60.00 min
6. Oven Equilibration Time: 1.00 min
c. Miscellaneous
1. Peak Width: 0.02
2. Attenuation: 245
3. Chart Speed: 0.50
4. Threshold = 0
5. Offset = 10% .
II. MAXIMA PEAK INTEGRATION
A, Peak Detection Paramaters
1. Baseline Points: 18
2. Filter Window (in points): 9
3. Intg. Sensitivity (coarse): 10.50 uV/sec
4. Intg. Sensitivity (fine): 5.00 uV/sec
5. Skim Ratio: 100.00
B. Peak Rejection Criteria
1 4 1. Minimum Area: 2000 uV-sec
2. Minimum Height: 300.0 uv
3. Minimum Width: 3.00 sec
c. Integration Events
1. 0.00: Disable Peak Skimming
2. 0.00: Disable Peak Detection
3. 7.00: Enable Peak Detection
4. 21.97: Set Baseline
5. 27.13: Set Baseline
6. 32.30: Set Baseline
7. 36.80: Set Baseline
8. 39.59: Set Baseline
9. 41.52: Set Baseline
III. MAXIMA DATA ACQUISITION
A. Preacquisition Delay: 7.00 min
B. Duration: 43.00 min
C. Rate: 3.00 points/sec
D. Run Time: 50.00 min
IV. MAXIMA CALIBRATION CURVES
A. JP-4
1. calibration Range = 50 - 50,000 ng/pl
2. Summation of all peaks detected from 7.00 - S¢
minutes
® ° | J ® | ] | ]
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Ref: 94-MB9/rc

July 7, 1994

Dr. Don Kampbell

R.S. Kerr Environmental Research Lab
U.S. Environmental Protection Agency
Post Office Box 1198

Ada, OK 74820
THRU: S.A. Vandegrift§&

Dear Don:

The fuel carbon extractions of the Elmendorf core samples, as
requested by Service Request SF-0-65, have been completed. The
samples were placed on a wrist action shaker for 30 minutes and
sonicated approximately 2 minutes prior to the extraction
procedure. A total of 24 samples and 2 method blanks were
delivered to Randy Callaway June 27, 1994 for GC analysis.

Please find attached a copy of the % moisture determinations
from my lab book.

If you have any questions, please contact me at your
convenience.

Sincerely,

Mok T){cw[’b»&tz

%)
Mark Blankenship 23

xc: R.L. Cosby

ManTech Environmental Research Services Corporation

RS. Kerr Environmental Research Laboratory, PO. Box 1198, 919 Kerr Research Drive
Ada, Oklahoma 74821-1198  405-436-8660 FAX 405-436-8501
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" ELMENDORF AIR FORCE BASE - ALASKA
FIELD DATA
Sample # Date Redox Cond pH Total Ferrous Hydrogen
alk iron sglfide
mg/1 mg/1l mg/1l
caco,
46WL01 6-07-94 -24 432 6.3 150 9.1 <.1
46WL02 6-07-94 102 190 6.1 61 2.1 -—--
46WLO3 6-07-94 119 340 6.7 108 <.05 -—-
MW37A 6-07-94 104 114 7.1 50 <.05 ---
MW37B 6-07-94 -25 388 7.4 170 <.05 <.1
ST41-29 6-07-94 10 232 6.1 92 7 <.1
sT41-w8 | 6-07-94 | 20 | 402 | 6.9 | 49 <.05 ---
ST41-W7 6-07-94 115 880 7.5 388 <.05 -—-
ST41-25 6-07-94 -53 1224 6.8 460 10.5 <.1
ST41-21 6-08-94 258 755 6.3 150 <.05 <.1
ST41-15 6-08-94 15 961 6.8 375 1.0 ---
ST41-16 6-08-94 -30 2170 6.6 1210 40.5 -—-
ST41-18 6-08-94 110 647 6.4 223 <.05 <.1
ST41-2 6-08-94 121 1039 6.7 554 <.05 ~--
W-19 6-08-94 165 876 7.0 347 <.05 ~-=
W-18 6-08-94 | -120 902 7.0 467 4.3 <.l
OU4wW-2 6-08-94 33 683 7.2 326 <.05 -—-
L [ ] ® ® | J ® [
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ELMENDORF AIR FORCE BASE - ALASKA

FIELD DATA

Sample # Date Redox Cond pH Total | Ferrous

alk iron

mg/l mg/1l

CacCo,
ST41-01 6-09-94 -—- 954 7.1 512 <.05
ST41-07 6-09-94 --- 702 7.2 270 .2
OU4W-4 6-09-94 -80 733 7.1 353 4.6
OU4w-5 6-09-94 60 662 7.1 274 <.05
QU4wW-3 6-09-94 -20 834 7.0 428 .4
QU4W-10 6-09-94 20 544 6.9 265 .3
QU4W-1 6-09-94 -39 1013 6.9 456 2.9
SP7/10-02 | 6-09-94 40 790 6.9 269 <.0S
W-9 6-09-94 123 812 7.0 345 <.05
ST41ES4A | 6-10-94 168 214 6.1 76 <.0S
ST41ES4B 6-10-94 20 660 6.6 251 2.1
ST41ESS5A | 6-10-94 126 109 6.7 47 <.05
ST41ESSB | 6-10-94 91 280 7.9 115 <.05
5T41ES1 6-10-94 110 1060 6.8 481 <.05
ST41ES2 6-10-94 11 747 6.7 271 3.6

&

*
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ELMENDORF AIR FORCE BASE - ALASKA

FIELD DATA

Sample Date Redox Cond pH Total Ferrous

alk iron

mg/1 mg/1l

CacCo,
ST41ES7A | 6-11-94 -10 661 6.5 325 29.8
ST41ES7B | 6-11-94 47 499 6.5 210 1.1
ST41ES8A | 6-11-94 -12 340 6.5 159 14.3
ST41ES8B | 6-11-94 -12 348 7.6 167 <.05
ST41ES6A | 6-11-94 105 124 6.6 63 <.05
ST41ES6B | 6-11-94 42 213 7.8 109 <.05
ST41ES3 | 6-11-94 | 46 | 449 | 7.9 176 <.05
ESMW1A 6-11-94 152 632 6.4 310 .7
ESMW18 6-11-94 -20 876 6.9 460 9.0

ofe @
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94-LP46/vg

18, 1994

Dr. Don Kampbell

R.S. Kerr Environmental Research Lab
U.S. Environmental Protection Agency
P.O. Box 1198

Ada, OK 74820 N

THRU: S.A. Vandegrift &%
Dear Don:

Attached are TOC results for a set of 18 soils from Elmendorf
AFB submitted to ManTech Environmental June 15, 1994 as a part of
Service Request #SF-0-65 Mod. 1. The samples were stored at 6°C
until analyses were begun June 30 using RSKSOP-120.

A Leco standard soil was analyzed along with your samples for
quality control.

If you have any questions concerning this data, please feel
free to contact me.

Sincerely,

Lynda Penninéton

xc: R.L. Cosby
J.L. Seeley ,gy

ManTech Environmental Research Services Corporation

RS. Kerr Environmental Research Laboratory, PO. Box 1198, 919 Kerr Research Drive
Ada, Oklahoma 748211198  405-436-8660 FAX 405-436-8501

o
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Ref: 94-LP38/1lm

June 17, 1994

Dr. Don Kampbell

R.S. Kerr Environmental Research Lab
U.S. Environmental Protection Agency
P.O. Box 1198

Ada, OK 74820

THRU: S.A. Vandegriftgw

Dear Don:

Attached are TOC results for 44 liquid samples from Elmendorf
AFB submitted to ManTech as a part of Service Request # SF-0-65
Mod. 1. Dates of sample receipt and analysis are included with
sample data on the following pages.

Blanks, duplicates, and known AQC samples were analyzed along
with your samples for quality control.

If you have any questions concerning this data, please feel
free to ask me.

Sincerely,

ﬁ?—nda, P@muﬂg,

da Pennington

xc: R.L. Cosby

J.L. Seeley,'bf/

ManTech Environmental Research Services Corporation

RS. Kerr Environmental Research Lzboratory, PO. Box 1198, 919 Kerr Research Drive
Ada, Okizhoma 74821-1198  405-436-8660 FAX 405-436-8501




samples Received:

P 06/09/94
3 samples Analyzed: 06/10/94
rg/L
Sample Toc
46 WL 01 15.2
46 WL 02 3.7
46 WL 03 2.8
ST 41-15 6.4
ST 41-16 109
ST 41-W7 4.6
ST 41-W7 (FD) 4.8
ST 41-W8 1.8
ST 41-21 8.8
ST 41-21 (LD) 8.8
ST 41-25 24.4
ST 41-29 8.5
ST 41-18 11.4
MW 37 A 0.5
MW 37 B 2.4
MW 37 B (LD) 2.5
Millipore H,0 <0.1
WPO31 I 28.3
28.5
WPO31 I T.V. 28.0
L
Samples Received: 06/10/94
Samples Analyzed: 06/10/94
mg/L
Sample TOC
0U 4W-2 1.1
OU 4W-4 2.0
OU 4W-5 1.6
ST41-01 2.9
ST41-02 13.7
ST41-02 (LD) 13.6
ST41-07 7.2
w-18 1.6
Ww-19 1.3
Millipore <.01
WPO31 I 27.5
WPO31 I T.V. 28.0
ManTech Environmental Research Serviors Corporation
et d 1 ® ° °

LY
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" e
samples Received: 06/14/94
Samples Analyzed: 06/17/94 .
Note: The samples were analyzed for dissolved gases by Bryan GD
Newell prior to TOC analysis resulting in a 3-day delay »
between sample receipt and analysis.
&
mg/L I
Bample TOC
OU 4W-1 4.6 »
OU 4W-1 (FD) z.4
OU 4WwW-3 1.3
W-9 1.6
OU 4W-10 1.8
ES-MW-1A 2.3
ES-MNW-1B 4.1 »
ST41-ES~1 7.3
ST41-ES-~2 7.6
ST41-ES-3 3.5
ST41-ES~3 (LD) 3.5
ST41-ES~-4A 19.1
ST41-ES-4B 13.1 [ ]
ST41-ES~5A 2.0
ST41-ES-5B 4.8
ST41-ES-6A 3.3
ST41-ES-6B 3.1
ST41-ES-7A 38.1
ST41-ES-7B 11.2 [ ]
ST41-ES~-8A 6.8
ST41-ES-8B 3.6
SP7/10-02 1.2
SP7/10-02 (LD) 1.2
SP7/10-02 (FD) 1.1
: >
Millipore H,0 2.1
WPO31 I 27.6
WPO31 I 27.3
WPO31 I T.V. 28.0
3 o . .
FD = Field Duplicate LD = Lab Duplicate TV - True Value
d
>
ManTech Environmental Research Services Corporation
»
1 ® ® o ° o o ® ® ° [
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Ref: 94-PR69/rc
94-TH67/rc

June 15, 1994

Dr. Don Kampbell

R.S. Kerr Environmental Research Lab
U.S. Environmental Protection Agency
Post Office Box 1198

Ada, OK 74820

THRU: S.A. Vandegrift $f

Dear Don:

Attached are the results of 21 Elmexdorf AFB samples submitted
to ManTech Environmental as part of Service Reguest # SF-0-65. The
samples were received on June 15 and analyzed June 15 and 16. The
methods used for analysis were EPA methods 120.1 and 353.1, and
Water’s Capillary Electrophoresis Method N-601. Blanks, spikes,
duplicates and known AQC samples were analyzed along with the
samples for quality assurance.

If you have any gquestions concerning these results, please
feel free to contact us.

Slncerely,

s i e

Priscilla Rhyne

oo/

Tim Hensley

Xc: R.L. Cosby
J.L. Seeley_jb)

ManTech Environmental Research Sevces Corporation

R.S. Kerr Environmental Research Laboratory, PO. Box 1198, 919 Kerr Research Drive
Ada, Oklahoma 748211198  405-436-8660 FAX 405-436-8501

AL
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mg/1 mg/1 mg/1 .

Bample (<} W 89, NO',+NO ', (N) Conductivity
W-9 15.5 3.58 15.5 752
oU4W-1 8.87 3.39 9.04 908
OU4W-3 3.48 5.02 15.4 751
0oU4wW-10 3.04 4.49 8.27 495
ES-MW1A .13 5.14 15.7 571
ES-MW1B .07 5.49 <.5 770
ST41-ES1 .80 21.4 61.4 965
ST41~ES2 .10 59.3 13.1 686
ST41-ES2 Dup 679
ST41-ES3 .17 28.2 31.1 422
ST41~ES4A .11 8.45 4.72 196
STR1~ES4A Dup .12
ST41~-ES4B .07 50.3 12.2 593
ST41~-ESSA .18 4.18 2.07 101
ST41-ESSB .14 8.23 9.97 259
ST41-6A .28 .71 3.44 112
ST41-6A Dup .63 3.51
ST41~-ES6B .12 1.34 5.40 198
ST41-ES7A .06 10.3 - 3.10 568
ST41-ES7A Dup .06
ST41~-ES7B .06 27.8 5.38 450
ST41-ES8A .23 3.00 8.28 303
ST41-ES8A Dup 301
ST41-ES8B .08 3.38 7.21 306
SP7/10-02 25.6 18.6 15.1 742
SP7/10-02 Dup 18.6 15.1
4B 50.3 12.0 * kK 604
Blanks <.05 <.05 <.05 ———
AQCWPO31 10.9 40.8 91.6 ———
True Value 11.0 40.2 92.0 ———
Spike Recovery 100% 99% 103% -——
*** No sample

| J ® ° o ® L
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Volatile Faity Acids Analyses

Analytical reports have recently been received by me for water sample analyses by
GC/MS for phenols and aliphatic/aromatic acids collected at air force bases during the June-
September 1994 period. Standard mixtures used contained 13 phenols, 25 aliphatic acids, and 19
aromatic acids. These components are frequently associated with microbial process breakdown
products of petroleum fuel hydrocarbons. Detection limit of the analytical method used was five
parts per billion.

. Hill AFB - Sample 827, 82D, and 820

Forty three of the 57 standard solution compounds were found in sample 82]. Fewer
compounds were detected in 82D and 820, but benzoic acid was a dominant component in all
three samples. | "

. Elmendorf ABF - Sample OU40W-3, ST41-16, ST41-25

Sample ST41-16 contained 43 of the 57 compounds present in the standard phenol/acid
mixture. Chromatogram for SET-16 and SET-25 were similar while QUT-3 had fewer
detectable components. Benzoic acid was the dominate compound in all three samples. The
analyses showed that aromatic acids were present at highest rélative levels followed by lower
amounts of aliphatic and alkenyl/cycloalkylcarboxylic acids and phenols.

TOTAL P.82
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APPENDIX C >

CALCULATIONS AND MODEL INPUT PARAMETERS
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RMS Error Calculations for Calibrated Fiow Model
Site ST41, Elmendorf AFB

Cell Location Measured Head  Simulated Head

X,y Hm g Hm - Hs (Hm - Hs)?
7.6 244 .00 240.73 3.27 10.69
10,6 232.57 236.04 -3.47 12.04
9,7 220.00 22549 -5.49 30.14
6.8 215.00 212.80 2.20 4.84
8.8 215.00 213.14 1.86 3.46
11,8 213.00 213.82 -0.82 0.67
6,9 210.00 208.81 1.19 1.42
13,9 207.00 208.23 -1.23 1.51
5,10 205.92 205.83 0.09 0.01
7.10 205.30 206.28 -0.98 0.96
10,10 206.00 205.85 0.15 0.02
13,10 202.50 205.41 -2.91 8.47
8,12 192.09 198.34 -6.25 39.06
10,12 194.00 198.02 -4.02 16.16
513 190.00 193.73 -3.73 13.91
6,14 188.00 190.60 -2.60 6.76
Sum of Squares of Remainders 1560.13
Average of Squares of Remainders 9.38
RMS 3.06
RMS as a percentage of the head drop over the model domain 4.71
mM:M5007\st41mode\RMS_44 XLS 11/10/94
L ® ® @ ® ® o



(1093) peoy painsesy

00052 00°0v2 00°0€2 00022 00012 00002 00061 00081
+ : - : ~— 0008}
00°061
00002
73
2
1 00012 §
o
Q
-
[
189670 =¥ | o002z 8
Z9Z°0Z + X8606°0 = £ M
1 00°0€Z
. 1 00'0vZ
00052

sSpeoH peoje|nuwig "SA spesl painsesiy

BV}




N

La\s\sxw&i\'é\ DISMS‘LVI{V 6('-\““‘5&'*0“5

’ e STl clwedorf AFB

D)

4SSUM£". b)) Plowme s zl«‘sﬁu 2 Ye lous}‘k’&vt?( XS of tHe. model qrid

M4 g \‘e_\'oﬁve\‘( sjmietrk” - so Hiot 2 lovgitvdinal
Moot n ke calew izted

‘ B) Loudidudival digpersivity 3¢ Vio te dictone Frowm the

Souére ot ww‘\'u«emz‘@a\b*é the. ijtwm( ¢ emtvoid

e comtar of wacg/ceum’ id

From e Jive 1294 BTEX, Qluwe vaap,
; Wil e defermwas iy (olevlatrug W (ongtodiual vowment— zrovnd
the conber— ol . w}'ass?s_ cowmputed ¥ sommn e

cels e equd voluwue, congetrpfiont. Within 2 el wi be

of St
Co AtamivaNTe CO‘,’\C&M'W@L w al clls ' 2 rev - Becavse a il
A‘\rﬂ*\y tvogaf{—tmb( o dhe msf Brex M e cell.

Bous Meoss S R Mpss x Distarce

v 6o So S OO0
¢« S z3t5 tSo 347,250

b X r2y2) tl, 37, So0
p T 2225 35O 7%, 75D

3 3800 tso \, 7,000

? EXE XS £s© \, 78, 7SO
‘ (© 200 GSO (30, oo

[ ssss | 327,750
‘ Estwaed \0*%33(«7&*31 comdwid o€ plume ;
i(c,’&Z‘l,z:;a/s’XS(S‘ = 280-©"

Fo estewetyf Ostace Lom soute $0 codtwid =

v Longehdiel Qistersivty 1 (220D (04) 4281

tneld

o .jovq

p orl) S
e1sd . thoirtd

noisive}

~

F -9



Eluodort fFE -  Sthe STU te¥ 2

- A on M{“’A VH/ ned 'n the
Cole\bon of  froercbic Doy Cotstout (%:;msi ewaaﬁmo Proloc! Goc v ment

n the 2vaesoblc Qoﬂ'bl\ o Qe QLO\MB, SUl-25 Us éou\srbd;l‘éf" from ST .o

Lo | 5] ela (98 |oe v G

\

5T+ - 16500 {1300\ (f20 | 750 | (B3 e3i 773
ST 25~ e 139 | P83 {70 | %5 Just9 {1

Vo covtat for vt A/CL Rrex dat? e Nocweld
° C’roﬁe:("rk%rdd’(; wTMB % \oeltewc\ tobe 3 sottable tweer
Lecavse Ty sosphive prpertts o swilar puf = the

™M CO‘-P*?W“AS are  tecal tont pided’ anaecobic a,.ds

Norwalizakon Fackecs:

— . % -
\\3,5-TMbY  Fyz = OMF
(S 6: '7
LZ,M-TM8 . T isT = ©.oz8” A‘fg
(,2,3 - Tm8 "%8‘3 = ©.coY

N orwch'%eé {TeX -

Tz 3Wou7 = 4%
c= IBfo.7 = ST8235

¥ = 7U fpq = $652.94
\“\'&Q wmyU W A’&\I&.,‘r\“ﬁ, G’WU\AAW@(—&P \f@(q/‘kﬁ -~ S¥C -F+/7 -
Qistane bhumm STHI-(b & ST -2 = T TZeo &

Tewel  trme = T Wgo dpe = 038 yn

—

afRz: &

(>



_j

&)
. Elmmdet #FB - Sriz STH/ Zot 2
(2lcoleftow oF Prembic Q’cc:{ lovstaut  GoutD
' 4
N )
t .4_- - 6~ke wh&re, C = wnc&n%"‘*’" 21 *")"“ct
Ce Co = 1anifinz| concentrztien &
K= coetfictent of ovmaemb
| + e
for Lenzee
. So 2t o7 o7, ctot= oKE ’
Co s k= 005 ;,“,. = 0-032:;
. FoC HJW’ < = ﬂ < Q003 ;-e/’ke. -t = -~ 86 ’
& e P e e e
l &= (S’.4Zyr C.04 ary
‘ o for ethylbonzewe: ¢ . TSRS ._,-S.a(sc'k‘t. -f€z .10 | L
Co (22 / , 4 §4
[;: -2:9 7( - —0-055’d0‘/j
(d1s regard)
>
1
For xylewes : (. 4esz.94 - et - _
Y o > oo ez = € ; &t o192




Elmendort AFE - Srie ST/ | of 2 .
Foel - weter QacHitonng Glvl(ptiess
O@V‘S}*? ¥ Foxe —?(od.\lc}'f /Mﬂc’ Y (6 L«hML = O.75C 3 M,Q = Q’F R
Solo bility ok Couptds (valws Zcowmmended Pn [trissic Peuce ddrren N/
wiocot  Breviment [edemder et al, 199 (7)
Reuzene (750 gL ’
Telvene $37 MS/L
Ethy(borzens- (4o M/
© - xylene (S% rs/ L.
- wf leme 7 Y/
P mplene (28 ma/L »
Mrss Freten (F) fow Y‘”d""{’ aunalysrs: (g Fer
E _ Yolowedse Cowertertion)
Benzene ¢ oo 308 0. 00T 3 s/ml >
Tolvene o. o5l c.ollHd2 s jmi
Sthylberzene ©. 0070 0.0057  afm
m = Xylene o0.coelf 0. co4b? i
O~ »ylene 0. 00573 c-ootH§ 5/MQ » @

Fom e Beue ot ol (991 ) wethed for ssbimzbion of packitiening

legy ka‘ = 6097~ LS ‘OS S, wheem Koz febuntec B
| e S ma‘w‘\'
o2t~ 15
LK, = 1007 s = Selubiity of
Pur& a*mfound
a o, C P
(e VAPCV vd k_;“) N =
Renzene 22962+
oluene 2\ .23
etbqlpenzore 4775 \b
- xyleme 3el4. 5T .
o-fylene 3389.3%
P-x\f\w& 2861 -C%
»
___.—-——-—"—?
[ ]



N

Elmerdat éFp - Site STHI 2 & =
Foel - (Jater ?‘od-'t‘\-'t‘m*ﬁs cole (TS (ovit)

KF\.»‘ 2 Lol —wrkec forioaing (efRcen = concenkpion in fuer /et o

rﬁu - C‘c/c‘-w

Cx = Cg
3
C—‘ELM’/ ﬁ).v ﬁ# CA,Q["‘?{L) Ce 6‘ % _‘l

Deszene- zzie 229.624 (£.068 10 06O
Tolvene 4z . Qo3 i7.$35 125 35
eyl benzene s75° H27516 (. 345 (¢S
W Kpleme 14060 315§ 3. 9%¢ 3592
o - Yylewe H4e70 35%9.33 (.zcl L2
P Xeleue 4490 256267 (sl \SE

C lefa( BTEX L 39572 20,592

., 3t s

= g - —




*

—

ES ENGINEERING-SCIENCE, INC.

Client Job No. Sheet —— of —
Subject _ELMENDBORE AFR - STH! WMobEL By MES Date

Mobe L ROUNDARRIES Checked Rov.

. 143 Y §Q7h?‘?xo W2 3 iy (S’lb 7 Iy 4 Zo__’_ B
VIR A AR KK RAR KK XX X KX XX
IR b S G NS00S0 30 > W0 U0 S N WL SO W NS S N UG W I _

3R FRRRARKRXX K e

XA R AR X

R X

'
|
D(

e

&

l

{

!
|
i
t
|

4 ' P :

i T T A T T - ' - ) 17—
____;__ 2 . B S i i i : t
: 3 e L ) Lo

| 1
KRR PRAK KRR KRR < |-

!
!
|
1

xkaxk%kﬁk&x

(nff\_:’l“-\w (o1l REE (i i
xxxXxxxxxxxx;;i j

|
HAHKTAXA

|

|

|

|

J_

K‘P. \
S
X
)(._

|
a

\ = coNs‘(‘Ms HEP«B cELL

e em e . : . .
. , ) '
e g e o et . e & e ——— e - e - g e .
. X ' X i ! ,
; ; | i i , ; !
: ! i : ; i

; - I S i

- e e -
, _ R
o _X-A (Nka'\\lc cc — ;.;__;_,._,.ﬂ_ L 1 1 B ;
) ) L _.-L_“_Q R | |
' i
' ‘ i (
! b
{

- —_ - —_—— —— ———— e —

ES-COR-8 (5/88)



& |
e ES ENGINEERING-SCIENCE, INC.
®
Job No. Sheet —— of

Client
. & “ubject ELMEN(RE fER - STHL MoDEL By MK S Date
® R CONSTANT HEAD 28245 - HERD voaucs Checked Rov.

*

o Nl a Yy IS (7YY 20

KR X KX XX XK XX X|_

e
I
)
i

w XK X
?4'\<7<6~  ;
LK XN
‘>O<><=°

2 4 ¢
XK K KY
X bS X K 2% s 0 238 235233 Wo 277 X o
LR XA (2w 2 N i
¥oE R X s _ A o
24 245 MY 22 ,_ B e

]

|
|
X

r
l
3
i

25 0 Aldein sl -

*.".7‘?_‘ HKAHKRKFAHXAKAR KKK K|
X

!
|

— ———— SO

] )< ns /75 s s nfnrm' m'nrnr n:m nrm-'nrnr ny ns’)(

| X xR ﬂxxxxxxxxxxx XX X X X L

e e e e ;e ———————— e — e

'X,— wAmVE’ CELI._ S , o

. Hea—b wme‘s (N__EE"T Ms(. R T T
. ~ - P — _

rce rnn o o 0o




ES ENGINEERING-SCIENCE, INC.

@

@®
o
®

Sheet — of

Date
Rev

M&S

Job No.
By
Checked

Subject _E LMENBoRE PAFR - stdal ModeL
CALIBRATED TRANSMISSIWVATY  GRID

Client

€S-COR-8 (5/88)

. | Lo , _ _ . | _
- | . LT R e B0t e I B
: o o S N _ p w
SR _M _ SRR
o _W;mw R A T T N A A 4oty win“_
A o T & %] |
G e e
W.uxxjfllex_ &XXK%M%K BN AN
X W O gl b | ) ) | w) ] ] ] X _m_ Qe
wwxc_refk&ﬁ AGE:GEEE..EEE% | LMW ~ X
EPX W b | g < b ] whw) W ]y wlal X 5&.%& G e
waggegnoei_ce;j;gafax BN
O G 0 Y APV I SRR
HX_EETCDD“D*E_F F;c_,&:cc E.E.E_.EM.EK | Co w M ‘ _ :
o[ X W iw! 08l o Wi wig b ) wl wwl g x| T I R
n.Xc_EHHcBDND_ID_D_ _ _ Q) Wl wwi WIX| m _ o m
,ux.c,z H..ncooob_r_b_u oo_DE.r:E_awN o * R
mexg.RH/;B_bb_ r_o_boo owwwwyl | ~ i m R
o Xx ,,:_HHL_B_DDI_DD o o DE_EEEX _ _%“%w m [m
% xxx,cft&s_rr EGEEEEEE EMESI < = W/ &
._ _7XXX_€IIB_§FF€€_E_CEE“E_EEX L MF = M...wow qw -
i /@X_X X:cf(. E D ! F.F.E/c EE Wi €_€_ T “ .q.ol _.m "W_ M_.mﬁ e
Y R S P N T} :;_c‘ Wil W w EX S DA RS iy
R R e G N W IV T I L Yy 2 g e s
3XVA_thPAnAnﬁAnWAn,.c€ .,. EE_EEE:&.VA ._;“:: .__. u
o] %X |l € ..nﬁ._,c Wi W Wiy v w ‘ € o 9 o W
m :xxf%XLﬁKXExxﬁkﬁﬁﬁﬁ&x;;MQWL”_.M
.._.Zusmu‘_m{.“/ow_no.?Mmy_uwﬂ_u_,.,ﬂ”w.f.m*ﬂ“ﬂ T 8| H _ . |
AR
M L B _f*%r__m_ AR
w _ L | _ _ ‘ _ # b __ i M Loy
L J | L o [ [ J |
b-\ o



*

Es ENGINEERING-SCIENCE, INC.

Client Job No. Sheet — of
o Subject SLMENNORE #F® - sTl_MobeL, By MesS Date
_RQu\peR THIckNEs: GRID Checked Rev.
”_-l13"‘{@7?90\\\z\ziqls’lb—nl?(‘?b ) ,
AN R X KK AR XX L XA XK XY X
L »_zx_)(xX_l(_x)(XXXmsoso;wzas‘opsoso)( e
_};()(XXXXXXo!oBo!ozo;;o:osoao.?o:fax ‘
. ;ZX X X K230 »30 9 30 30 30_':5_0—:;30 o _3_0_')_‘_ S o
o S|xsemmpmmPHpo RO ®LIX]
.6 L?’;” 3 39 30 30 30 _31’}" 30 30 30 Jo 30 5° o 3030 P X B
T|{X 20 20 20 20 20 20 20 20,20 20 20 20 20 20 2020 zozax '
‘7 .)[—/;V 0 (0 107;—15—"!; o ,o-- (0 0 /0 (o [© (0 /o /o /o“-?( ‘.* . )
o q )(_Fv;'_r;lo 0 '(5 0 oo O io-ﬁl?'«_)”w 1o 10_'E :f__ >t

(PO ——— e ey -

me(O\o\Ow(amno(atocoton?tolomlo)ﬂ

X s KK ST s 8 S IS 1TSS IS 5T Is M g 1s i X
Xis WS(':T\S’lS“IS’(s’IfGTl{ lS’lL"frns'IS'!TKITX

———— -

X 7 e g7 7 1T 77 g 77U X

Xzozozozpmu'wzo zozozozozozozozozoza)(

XzoZozp'ZoZo‘?,OZOZDw'ZOZOZOZDI}QZOZOZDZOx

XZO'ZozoZoszZQZQZOZozo wZOZDZDZ)Z‘oZOX

PR S

X X‘I\XX%XXKKKXXXXXXXKX‘

X 2o zDZozoaozo zozozazozozo_zo_zn 2020 20,20 X
)‘zozauZoszazazozoZOzozoZozozowZozoX

[ (X 20 20'20 20 20 20 2020 2 20 20 20 20 20 20 22 20 20' X

j_x

\MRCI\VC CELL

ﬂ] Nt Ssé‘s

b

SN SURURY P

 —————

(&L_?_C_E‘I~~ SO S

——————

———

ce fAN s oo




v APPENDIX D

MODEL INPUT AND OUTPUT FILES



